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L\.— Cryptopine. Part II. 


By William Henry Perkin, jun. 

» 

The present invesbigatien was originally undertaken with the 
object of clearing up some points, difBcult of explanation, which 
had arisen during the course of the experiments described in 
Part I of this research.* Gradually the scope of the inquiry has 
widened, and many developments are included in this communica- 
tion which were at first not contemplated. Broadly speaking, the 
basis of the new material is the series of changes represented by 
the conversion of cryptopine (I) into liocryptopine chloride (II), 
and the fonffation of anhydrocryptopine (III) from the latter by 
the elimination of hydrogen chloride (833, 860). f 


/\: 


OH, 


0>OH, 


I 

00 NMe 

MeO/y ^ 

Me()‘ I '*'“2 

\/\CH./ . 
(I) 


/ 

CH 


Q>ch, 


CH, 
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MeOl 


C — NMeCl 


CH, 


(II.) 


/\, 


/\/ 

CH I 

II 

0 — NMe 




MeO|-/\/ 

MeOl i 

^cercHj 

(III.) 

It was shown in the earlier research (852) that the properties 
of anhydrocryptopine are in many respects quite unusual, and one 
of the points most difficult of explanation is the behaviour of 
anhydrocryptopine methosulphate (or the corresponding' metho- 
chlonde) towards hydrolytic agents. Normally, the hydrolytic 

Cryptopine and Protopine,” Part I., T., 1916, 109, 815 1028. 

t The numbers in brackets— thus {833)— refer to the page in Part ! 

VOL, CXV. j. 
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decomposition of a methosulpliate reaults in 'the formation of a 
new base containing a methyl group more than the original base 
contained. Thus cryptopine methosulphate is decomposed on 
hydrolysis with the formation of methylcryptopine (847). 


\/ 

I 

/\ 




C'Hj 

OHj 


> CO NMe, 

\/ 

CH, 

f 

ch/ 

/\ch:cHj 


The methosulphate of anhydrocryptopine does not behave in 
this way (852), but is hydrolysed by methyl-alcoh(#ic potassium 
hydroxide with elimination of the added methyl group and 
regeneration of anhydrocryptopine. 


K/ 


/\/ 

CH 

li V®* 

C — NMe<- 




Me 

McSO< 


/\/ 

CH ' 

ll 

U — NMe 


\/ 


/\ch:ch. 


/\ch;ch. 


A case of this kind does not appear to have been previously 
recorded, and although au attempt was made (854; T., 1918, 113, 
735) to find some explanation for this curious removal of a methyl 
group from nitrogen, it is still not clear why the A-methyidiliydro- 
isoquinoline ring characteristic of anhydrocryptopine should exhibit 
this unusual behaviour. Recently (T., 1918, 113, 736), a welcome 
confirmation of the curious change just raent-ioned has been forth- 
coming, since it has been found possible to prepare from berberine 
the derivative — anhydromethylberberine — which corresponds ex- 
actly with anhydrocryptopine. 

This substance also combines readily with methyl sulphate to 
vield the corresponding methosulphate, which, when boiled with 
methyl-alcoholic potassium hydroxide, is decomposed in exactly the 
same manner as anhydrocryptopine methosulphate, with regenera- 
tion of anhydromethylberberine. 

Not only do alkali hydroxides cause the elimination of a 
iV-methyl group from anhydrocryptopine methosulphate, but ex- 
periment has shown that a process of the same kind occurs even 
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* 

more readily when acid reagents are employed. Thus anhydro- 
cryptopine methosulphate is rapidly changed by boiling with con- 
centrated hydrochloric acid, and if-cryptopine chloride is produced, 
a decomposition which appears to be correctly represented by the 
scheme (855) : 


(ia. 




oh:ch. 



0 — NMeCl ■ 


\/ 






CHMe 


An exactly analogous change is observed when anhydromethyl- 
berberine methosulphate is digested with concentrated hydrochloric 
acid, ^-methylberberinium chloride being obtained (T., 1919, 113, 
735). 

In the present communication (p. 767), it is shown that concen- 
trated mineral acid need not be employed in order to bring about 
the elimination of the iV-methyl group, since ^-cryptopine chloride 
is readily obtained when anhydrocryptopine methosulphate is 
lieated on the steam-bath with dilute hydrochloric acid, and 
^■cryptopine hydrogen sulphate, CjjHjjOjN'HSOj, results, in a 
.similar manner, from the action of dilute sulplniric acid on the 
methosulphate. 

The remarkable changes associated with the action of liydrolytic 
agents on anhydrocryptopine methosulphate suggested the desira- 
bility of making a further study of the behaviour of this substance 
towards other reagents. Experiment® on the oxidation of the 
methosulphate did not lead to useful results, but the corresponding 
methochloride is oxidised by permanganate, without elimination of 
an i7-methyl group and with the formation of a base, CgjHjsOjN 
(m. p. 188°), which appears to be produced according to the 
scheme ; 
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and has been named dioicj/methylisoanhydrodihijdrocryptojnne 
(p,736). 

Of much, greater interest ia the behaviour of auhydrocryptopine 
methosulphate when subjected to the action of reducing agents 
and it was the resulte obtained during the study of these remark- 
able changes which led to the extension of the subject so as to 
include the action of reducing agents on other derivatives of crypto- 
pine. In order that this complex study may be made as clear 
and concise as possible, the subject has been divided into sections, 
and the sectional numbers in this summary correspond with the 
numbers of the sections in the experimental part. 

Section I (a). The Reduction of Anhydrocryptopine Melho- 

tulphate by Sodium Amalgam in Alkaline Solution (p. 740) 

When sodium amalgam is added to the aqueous solution of 
anhydrocryptopine methosulphate, a base, — dihydro- 

anhydromethylcryptopne — gradually separates, which has not been 
obtained crystalline, but yields a crystalline methosulphate, 
C,„H;j 04 N,Me;S 04 , 

and methiodide, Cj 2 H 550 jN,MeI. It is clear, therefore, that 
elimination of a methyl group had not taken place during reduc- 
tion under these conditions. 

On oxidation in acetone solution with permanganate, the new 
base yields f) :6-ra6thylenedioKy-o-tolualdehyde (907) and 5:6- 
methylenedioxy-o-toluic acid (91G), 



It is clear, therefore, that its formation from anhydrocryptopine 
methosulphate is probably represented thus : 


/\/ 


C — Auej-MeSO^ 


\cfl: 


:cH, 


/\/ 

CH Me 

(I 

-> C-NMe„ 

Y 

/\ch:cHj 

Dihydroanhydromethylcryptopine' 


a view which has received support from the detailed investigation 
of the base. It has already been stated that the base yields a 
crystalline methosulphate, and this is readily decomposed by boil- 
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ing with methyl-alcoholic potaasium hydroxide, with 
of trimethylamine and formation of a new substance, C 20 H 20 O 5 ; 


/\ 

CH Me 

II 

C-NMe,-OH 


Y 

/\cii:' 


:cH, 


/\ 

OH Me 

li 

C-OH +NMe.. 


\/ 

I 

/\ch:ch, 

Hydroxycryptopidene. 


Hydroxycruptupiilcnc * melts at 88—90°, and yields, on oxidation 
with permanganate, 5 : G-methylenedioxy-o-toluic acid, 
CHoiOjlCsH^Me-COoH 

(916), and 4 :5-dini6thoxy-2-vinylbenxaldehyd6, 

(MeO)2CsH2(CHO)-CH:CH2 

(904), the former containing the upper and the latter llie lower 


portion of the molecule. 


1 

/\/ 

1 

/\/ 

CH Me 

/ Me 

li 

COjH 

C'OH 


X ' 

\/CH0 

1 

/ ^CHICH, 

1 

/\ch:cHj 


This fission clearly demonstrates the constitution of the substance, 
indirectly that also of dihydroanhydromethyl- 

cryptopine. 

Hydroxycryptopidene is isomeric and closely allied with o-»so- 
cryptopidol (m. p. 92°; 843). which results in a similar manner 
from methylwoanhydrodihydrocryptopine methosulphate by the 
elimination of trimethylamine: 



CH CH 2 


CH HMe,-OH 

Y 

/^\ch:ch, 


/\/ 
CH u 

I 

CH OH 


\/ 

I 

/\ch:ch, 

a-woCrj^topidol. 


* Compare (926) for a d^ription of the parent substance cryptopidene. 
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Hydroxycryptopidene does not yield an acetyl derivative, but is 
converted by the action of acetyl chloride into a polymeric modifi- 
cation, (CjoHjqOs),, which melts at about 200°, and corresponds 
closely in properties and composition with the |8-modification of 
tsocryptopidol (843). 

Section /(b). The Reduction of Anhydrocryptopine Metho- 
svdphate by Sodium Amalgam in Add, Solution (p. 743). — ^When 
anhydrocryptopine methosulphate is reduced by sodium amalgam 
in the presence of a large excess of hydrochloric acid, disruption 
of the central ring takes place in a manner similar to that described 
in Section I (a), but with the addition of four atoms of hydrogen 
and again without the elimination of a methyl group. The pro- 
duct is a base, C20H2JO4N — telrahydroanhydromethylcryptopine— 
and its properties are in harmony with its formation, according to 
the scheme; 


/ 

CH 




C'Ho 




C — NMe^'MeSO, 


/ 




:CH, 


I 

/\/ 

CHj Me 


CH-NMe, . 

\/ 




This base has not been obtained crystalline, and is isomeric with 
anhydrotetrahydromethylcryptopine (898), which is crystalline 

/\/ 

CIT, Me 


CH-NMej-OH 

Y \ 

YYchich, ^ 

Tetrahydroanhydromothyl* 
cryptopine methohydroxido. 


I 

/\/ 

CH Me 


I 

/\/ 

CH Me / 

ia / 

Y 

Y\cH5-CH,'NMe,-OH 
■Anhydrotetrahydroraethyl- 
cryptopine methohydroxide. 


CH -l-NMe,-tHjO 

\/ 

I 

YYch'.cHj 

Cryptq)id6n0. 
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and molts at 107°. The close relationship between these bases is 
well brought out when their formulae are written side by side and 
by the fact that the methosulphates of both are decomposed by 
boiling with methyl-alcoholic potassium hydroxide, with elimina- 
tion of trimethylamine and separation of cryptopidene (m. p. 
123°; see above). 

A further stage in the reduction of the cryptopine molecule has 
been achieved by the preparation of dihjdrocry-pto-pidene, 
C. 0 H 2 A {“■ P' 128°), and the reduction of cryptopidene to tetra- 
lydrocTypttriddene, C2QH24O4: 


A 


/\/ 


/\/ 

CH, Me 

1 * 


CH, Me 

CH, 

and 

1 

CH, 

Y 

■ch:ch, 


/\cH,-CH3 


The first of these is obtained by a process described on p. 762, 
and the latter is produced when cryptopidene is reduced in boil- 
ing alcoholic solution with sodium. It is one of the most beautiful 
substances in the cryptopine series, melts at 78°, and crystallises 
in stout, colourless prisms (p. 745). 

Section II (p. 746). The Reduction of Cryptopine M ethochloride 
in Alkaline Solution . — The conversion of cryptopine methosulphate 
into tetrahydromethylcryptopine by reduction in strongly acid 


/\/ 


CH. 


*CH, 


OO NMe„-MeSO. 

\/ I 

I 

/\ch/ 


A/ 

CH, Me 
Ofl-OH 


\/ 

I 

A\cH,-CH,-NMe, 


.‘solution with sodium amalgani is described in Part I of this 
research (821 and 826), and the present object was to determine 
whether, during this process, the reduction of the keto-group pre- 
cedes the fission of the ring or vice versa. Since further experi- 
nients on the reduction of the methosulphate did not yield in- 
formation of value, the effect of reducing agents on the corre- 
sponding methochloride was investigated. The interesting fact was 
then observed that, whilst cryptopine inethochloride, when reduced 
in alkaline solution with sodium amalgam, is converted in the 
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main into tetrahydromethylcryptopine, there w also formed in 
small qnantity a new base* C22H27O5N, which melts at II8--I200 
and is obviously produced according to the scheme : 


A 


\./ 


/\/ 
CHj 
CO 


'\n 


CH, 


NMe,Gl 


A/ 

CHj Me 


CO 


Y 

Dihydroinethyloryptopine. 


that is to say, (luring its formation, the ten-membered ring has 
been ruptured before the reduction of the Iceto-group. 

The constitution assigned to dihydromethylcryptopine receives 
support from the fact that, when oxidised with permanganate, the 
base yields 5 : d-methylenedioxy-o-tolualdehyde and 5 ; 6-methyleiie- 
dioxy-o-toluic acid (compare p. 747 ). The isolation of this base 
would seem to indicate that the first action of the alkaline reducing 
agent on cryptopine methooWoride is fission of the ten-membered 
ring, but that most of the dihydromethylcryptopine, thus pro- 
duced, suffers further reduction before it can be rcmcyed from 
the sphere of action of the excess of the reducing agent. 


Section III. 

The Reduction of isoCri/ptopfne Chloride. 

In the cases discussed in Sections I and II, the groups of atoms 
taking part and suffering disruption as the result of reduction 
belong in I to a single dihydrofsoquinoline nucleus, and in II to 
the ten-membered group characteristic of cryptopine; 


/\/ 

/\/ 

CH ' 

1 1 * 

CHj 

C— NMe 

CO NMeXl 

\/ 

N/ 1 

1 

1 CHj 


/\ch/ 

(!•) 

(II.) 


It was next desired to investigate what the effect of reduction 
might be in the case of a substance containing a partly reduced 
double Moquinoline ring, and isocryptopine chloride ( 833 ) was 
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A 


\/ 


CH I 

II 

C NMeCl 


CH, 


/\ch/ 


selected for this purpose. The effect of reduction was again 
studied (p) in alkaline and (6) in acid solution. 

Section HI (a). The Reduction of isoCryptopine Chloride in 
Alkaline Solution, (p. 748). — Since iaocryptopine chloride is very 
sparingly soluble in cold water, the reduction with sodium amalgam 
could only be carried out effectively on the steam-bath, and, under 
these conditions, a resinous base separates, and the liquid, on cool- 
ing, becomes filled with a voluminous mass of needles of a 
quaternary salt. This salt, which is produced in considerable 
quantity, was readily identified as isodihydrocryptopine j9-chloride, 
since, on boiling with methyl-alcoholic potassium hydroxide, it 
yielded anbydrodihydrocryptopine (.4) (938): 


CH, 


\/ 

* CH, 


CH— NMeCl 




/\/ 

CH 


\/ 


CHj 

CH lifMe 


cH, 




One of the main directions in which fsocryptopine chloride 
suffers reduction is therefore simply by the addition of hydrogen 
to the double linking without disruption of either ring. The 
resinous base may be separated, by fractional crystallisation, into 
two new substances, namely, a very sparingly soluble base, 
C,,H,30<N, melting at- 195®, which is present in very small 
quantity, and considerable quantities uf a readily soluble base, 
('jiH„ 504N, which melts at 138°. The base, C21H23O4N, yields, on 
oxidation, S : 6-inethylenedioxy-o-toluic acid (916), and apparently 


I |X>CH, and 

/\y^ 

/ Me 
COjH 


CO 

MeOf^/^NMe 

CH, 


E E 


* 
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also l-keto-6 : 7 -dimethoxy- 2 -methyltetraliydrotsoquinoline (Pyman, 
T., 1909, 95, 1268), and must therefore have the constitution 


A/ 

CH Me 


C NMe 

Y CH, 

Ych,/ 

Dihydroanliydrowocryptopine, 


This base is therefore produced from fsocryptopine chloride by 
the rupture of the upper dihydroisoquinoKne ring without reduc- 
tion of the double linking. 

The readily soluble base, CjiH-^sOrN, melting at 138°, yields 
5 ; e-methylenedioxy-o-tolualdehyde (and acid), as well as 1-keto- 
6 ; 7 -dimethoxy- 2 -methyltetrahydroisoquinoline, on oxidation with 
permanganate, and must therefore be the dihydro-derivative of 
the base just described (m, p. 195°) and have the constitution 



CHj Me 
CH — ^NMe 


Y CH, 

/\CH,/ 


Tetrahydroanhydrowwryptopine. 


It yields very characteristic salts and other derivatives, of which 
the metho^ulphate, C„H, 50 ,N,Me,S 0 , (m, p. 160°), and meth- 
iodide, C 2 iH, 504 N,MeI (m. p. 263°), crystelhse particular^ well. 
When boiled with methyl-alcoholic potassium hydroxide, the 
methosulphate is readily decomposed, with the formation o 
anhydrotetrahydromethylcryptopine, a base which had previous y 


/\/ 

CH, Me 


CH— NMe,-OH 

Y CH, 

/\CH./ 


A/ 

CH Me 


\/ 

; 


CH 


\cH,-CH,-NMe, 



PERKIN : CRYPTOPINE. PART II. 


723 


been obtained, in the form of its hydrochloride, from tetrahydro- 
methylcryptopine by the action of phosphoryl chloride (899). 

Section III (b). The Reduction of isoGryptopine Chloride in 
Acid Solution (p. 749). — Reduction takes place readily when the 
•hot solution of fsocryptopine chloride in a mixture of dilute acetio 
and hydrochloric acids is treated with a large excess of sodium 
amalgam, and leads to the formation of two bases, C21H25O4N, 
melting at 138° and 164° respectively, as well as of considerable 
quantities of tsodihydroeryptopine i8-chloride. 

The base melting at 138° is tetrahydroanhydrofsocryptopine, 
identical with that isolated from the product of the alkaline reduc- 
tion of wocryptopine chloride. The second base, melting at 164°, 
which does liot appear to bo one of the products of the alkaline 
reduction, is dihydroanhydrodihydrocryptopine (4), and, in its 
formation, not only has the ethenoid linking in isocryptopine been 
reduced, but the double faoquinoline ring has also suffered disrup- 
tion in a very remarkable manner, with the formation of a fully 
saturated ten-ring system. 



I CH, 

/\cn/ 



Dihydroanhydrodihydrocryptopme (4). 


This base is remarkably stable to permauganate, and does not 
yield 5 ; 6-metbyleii6dioxy-o-toluic acid on oxidation, showing that 
reduction has not resulted in the formation of . the group 

ch2:02:c6H2M6-ch: (p. ne). 

The definite proof of its constitution was obtained as the result 
of the observation that the base in question is readily produced 
when anhydrodihydrocryptopine (d) (938) is reduced by sodium 
amalgam in acid solution. 
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II Y ^ 

CH NMe 

\/ 1 
I CH^ 

/\ch/ 
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/\ch/ 


E B* 2 
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Thfe curious formation of dihydroanhydrodihydrocryptopine (i) 
from wocryptopine chloride by reduction is dependent in some 
on the presence of the ethenoid ImHng in. one of the reduced 
woquinoline rings, a condition which apparently causes strain, and 
consequent instability. That this is so is indicated by the fact| 
that, when this ethenoid Unking is not present, scission does not 
appear to take place. Thus, for example, all attempts to reduce 
tetrahydroberberine methochloride, which contains the grouping 


/\/ 

CH, ' 

I 

CH— .SMeCl 


\/ I 

1 

have been unsucceesful. 

Dihydroanhydrodihydrocryptopine (d.) yields a methoaulphate, 
CojH;r,04N,Me,S04, which, on hydrolysis with methyl-alcoholic 
potassium hydroxide, is converted into dihydroiwanhydrodihydro- 
methyhryytopine, CjjHjjOjN (945), a beautiful substance melting 
at 77°, the crystals of which have been measured (p. 757). 


/\/ 


/\/ 

iJh. 


CH > 

1 * CH, 

CH, NMe/OH 

— > 

CH, NMe, 

\/ ■ 1 


\/ 

1 CHj 


! 





Finally, the methosulphate of this base, C22H2,0jN,MesS04, is 
decomposed by boiling with methyl-alcoholic potassium hydroxide, 
with the separation of dihydro-a-isocryptopidof, 


/\/ 

CH, 

CH, 


\/ 


/\, 


ch:ch, 


a rather indefinitely crystalline substance which is clearly the 
dihydro-derivative of o-isocryptopidol (948). 
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Section 111(c). ^‘^y<^<'0‘‘nhydrotetrah!/dromethylcr!/ptoin>K 
(p. 769).— This substance k produced from the methosulphate 
either of tetrahydroanhydrokocryptopino (I, m. p^ 138° p 722) 
^or of dihydroanhydrodihydrocryptopiue (4) (II, m. p. 164°, 
‘ p. 723) by reduction in alkaline solution with sodium amalgam : 


/\/ 

CH, Me 

CH— NMcj-OH 

CH, 




(!■) 



CH, Mb 

I 

CH, 

\/ 

I 

Dihydioanhydrotetrahydro- 

methylcryptopine. 


The other oases of ring-fission during reduction, described in this 
communication, occur in systems in which the ring in question is 
unsaturated, and it is pointed out on p. 724 that attempts to 
reduce the completely saturated system, 


/\/ 

CH, CH, 

I I 

CH— NMeCl , 

r CH, 

/^ch/ 


contained in tetrahydroberberine methochloride, have not been 
successful. 

It is therefore remarkable that the removal of a bridge in this 
complex in the two directions shown in formulas I and II should 
so Weaken the structure as to make it susceptible to reduction. It 
Js, of course, possible that the accumulation of methyl groups on 
the nitrogen atom may tend to weaken the structure, and a good 
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deal of evidence is to be*found in this communication ■ in favour 
of that view. i. coo j • 

Dihydrocmhi/drotetrahydromelhplcryptapne melts at bi , and is 

characterised by ^ sparingly soluble hydrochloride. 

The n»:thosulphate, C 2 ,HisO,N.Me,SO„ is decompos^ by boihng 
with methyl-alcoholic potassium hydroxide, with elimination of 
trimethylamine and formation of dihydmcryptopidene . 



CHj Me 



•CHj'NMej-OH 


/\/ 

CH, Me 


CH^ 

Y 

/Ychich^ 


This new derivative of cryptopidene (926) crystallises splendidly, 
melts at 126— 128«, and yields the following interesting substances 
on oxidation with permanganate: 


A 


CO Me 

/Ychich, 


and 


/\/ 

CHj Me 

CH, 


\/ 

! 

/^COsH 


Ketodihydrooryptopidene. Dihydrocryptopidenic acid. 


Ketodihydrocryptopidene melts at 116° and yields a semicarhaioM, 
C„,H„0,N.. melting at 190°. Dihydrocryptopidemc acid is a veiy 
sparingly soluble, crystalline acid (m. p. 194—195°), the anUtdt 
of which, Ci 8 H„ 0 <-CO-NH-CeH 5 . crystallises in needles and melts 


at 185°. . i- 1 1 

The degradation of cryptopine to this acid is particular y 

interesting, and it is unfortunate that the small Mnount of material 
available did not allow of its detailed investigation. 


Section IV. 

The B eduction, of jfi-Cryptopme Chloride. 

The converrion of anhydrocryptopine osulphate into 

if-cryptopine chloride is mentioned on p. 715 (compare 
984), and the similarity in constitution between ,this su s a 
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Mocryptapine chloride is obvious when their formuls are com- 


y\/ 

CH Ap 

II 


/ 1 


-kMeCl 
(IH. 

woCryptopine chloride. 


CH r 

II 

C NMeCl 


\/ 

A/ 

^-Cryptopine chloride, 


The essential difference between these formute is the fact that 
whereas in Mocryptopine chloride the central portion consists of 
two reduced Moquinoline rings fused together, the molecule of 
^-cryptopine chloride contains only one such ring. When the 
bridge across the molecule is removed by reduction, the result in 
the case of fsocryptopine chloride is the formation of a ten- 
membered ring (p. 723), whereas if a similar change is assumed 
to take place in the molecule of ^-cryptopine chloride, reduction 
should lead to the formation of a nine-membered ring system, of 
which, so far, few examples have been described. 

Since the investigation of this matter seemed to offer attractive 
possibilities, the problem has been carefully studied, and it may be 
said at once that the comparatively slight difference in constitution 
which i/>-cryptopine chloride exhibits in comparison with fsocrypto- 
pine chloride is sufficient to give rise to wide differences in 
behaviour when the two substances are reduced under similar 
conditions. 

Section IV (a). The Reduction of ^-Cryptopine Chloride in 
Alkaline Solution (p. 7G9).— f-Cryptopine chloride, CgiH^gO^NCl, 
is readily reduced in slightly alkaline aqueous solution by sodium 
amalgam at the temperature of the steam-bath, and a base, 
^ 2 iH 230 jN, separates, which crystallises from methyl alcohol in 
stout prisms and melts at 112°.* 

This base is produced by the addition of two atoms of hydrogen 
to i^-cryptopine chloride and elimination of hydrogen chloride, a 

In the reduction of wocryptopino chloride, much rsodihydrocryptopine 
S-chloride is always obtained by the direct reduction of the ethenoid linking 
IP- 721), but the corresponding «edibydro-*-cryptopine chloride does not 
appear to be one of the products of the reduction of i(,-cryptopine chloride 
Still more striking is the observation that, whereas during the reduction of 
Mocryptopine chloride, the base formed in much the larger quantity is tetra- 
kydroanhydroMooryptopine, ajHjsO^N, in the case of ^-cryptopioe chloride 
e reduction does not appear to proceed beyond the formation of the base 
^iH-AS (m, p, U2'). 
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process which might take place in two different directions, leading 
to the formul® 


/\/ 

CH Me 

C NMe 

/ 


/\}H- 


CH, 


and 


A 


(I.) 


/\/ 

CH 

II ^ ‘ 

CH NMe 

\/ 

I 

/\cH'CHb 

(II.) 


Judging from the course the reduction takes in the analogous 
case of fsocryptopine chloride, the new base should correspond in 
constitution with dihydroanhydroisocryptopine (m. p. 195°, p, 
722), that is to say, it should have the constitution represented 
by the partial formula I, 

The investigation of the base has, however, shown that this is 
not the case. It does not, for example, yield 5 : 6-methyleuedioxy- 
o-toluic acid, CH^iOBiCAMe-CO^H (p. 721), on oxidation with 
permanganate, and it can therefore scarcely contain the grouping, 
CHjlOJCjHoMe'CH), which is present in I. The alternative is 
that its constitution is that represented by formula II, and for this 
reason the base, CbiHjbO.N, melting at 112°, has been namwi 
\ji-anhydrodihydrocryptopine (.4) to indicate its relationship to 
anhydrodihydrocryptopine (d) (841). This base combines readily 
with methyl sulphate, and both the methosulpbate, 
C,,H, 30 ,N.Me,S 0 „ 

and the corresponding niethiodide, CjjHajOBN.Mel, are beautifully 
crystalline substances characterised by yielding highly coloured 
products on decomposition with methyl-alcoholic potassium hydr- 
oxide, which are obviously of complex nature and have not been 
further investigated. 

When, however, the alkaline solution of the methosulphate is 
reduced hy sodium amalgam, a remarkable change takes place, and 
a neutral substance, C^nH^iO,, separates: 

CaH;oO,NMe2-OH + 2R = C^nHjoO, 4 t H,.0. 

It is probable that this curious decomposition takes place iii the 
following direction : 


.ch:ch— ! 


S/' 

CH, 


/\cHMe NMe, -OH 




ch:c- 


/^CHMe 


\/ 

Me 


^-Cryptopidene. 
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and. since the new substance, whicb crystallises beautifully and 
melts at 144°, is isomeric with cryptopidene (926; compare p. 772), 
it has been named >ji-cryptojiidene. 

An attempt was made to establish the constitution of the sub- 
stance by studying its behaviour on oxidation with permanganate, 
but with partial success only. One of the substances produced is 
5 ; B-methylenedioxy-o-toluic acid, tbe formation of which is in 
harmony with the suggested constitution. The principal products 
of oxidation are, however, dioxy-iji-cryptopidene, CjoHjgOj (m. p. 
138—140°), and trioxy-ip-cryptopidene, CjoHjjO, (m. p. 165°). 
Both these substances exhibit a reaction reminiscent of the benzil 
reaction, that is to say, on boiling with methyl-alcoholic potassium 
hydroxide they dissolve to brown solutions which, in contact with 
air, became pink and gradually fade; the addition of hydrochloric 
acid then causes the precipitation of crystalline acids. Dioxy-^- 
cryptopidene yields a ' semicarbazone, CjiH^iOsNj, and trioxy- 
cryptopidene a disemiearbaione, CjjHjiOjNj, so that if the formula 
assigned to i/i-cryptopidene is correct, it is probable that these 
oxidation products may have the partial formulae 



1 Me 

/^COMe 
Trioxy-t-cryptopidene. 


Section IV (b). The Reduction of <f-Cryptopine Chloride in 
Acid Solution (p. 774). — It has just been explained that the metho- 
sulphate of i//-anhydrodihydrocryptopine (d) undergoes a curious 
decomposition when it is reduced in alkaline solution, with loss of 
the nitrogen atom as dimethylamine and formation of a neutral 
substance, CodHjjOj (^-cryptopidene). 

It is perhaps still more remarkable that ^-cryptopine chloride 
itself should, on reduction in acid solution with sodium amalgam, 
undergo a partial change in a similar direction, with elimination 
of the nitrogen atom, evidently as methylamine, and separation 
of a beautifully crystalline substance, CjnHjnO,, which is isomeric 
with i)’-cryptopidene (m, p. 144°), melfe at 152°, and has been 
named ieo-fj-eryptopidenr . Since the melting points of the two • 
substances do not grea tly differ, it was at first thought that ixo-^- 
cryptopidene might possibly be ^-cryptopidene in a very pure con- 
dition; but this is not the case, because the mixture of the two 
substances melts at about 130°. On oxidation with permanganate, 
lio-if-cryptopidene yields considerable quantities of 5 : 6-methylene- 
dioxy-o-tolualdehyde (m. p. 72 — 74°), as well as of the correspond- 
ing acid (m. p. 216°; compare p. 777), and also a substance. 
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CaoHsjoOj (ketodikydroko-^li-cri/ptopidene), which melts at 135° and 
yields a semicarbazoiie, CjiHgjOjNa. 

The isomerism of i/i-cryptopidene and iso-^-cryptopid^e is 
difficult to understand, but. as both yield 6 : S-methylenedioxy-o- 
toluio acid on oxidation, it is suggested that the relationship may 
be that indicated by the formute 


/\/ 

C\ Me 

II \ 

CH \ 

\/ / 

A/ 

CHMe 

4--Cryptopidene. 


and 


/\/ 

CH Me 


Y 

/\. 

CHMe 
tso-\f»'Cryptopidene. 


and it is probable that ketodihydroiso-f-cryptopidene contains the 
grouping ; 


/\/ 


CO Me 


yi 

/AcH-Me 


The main product of the reduction of f cryptopine chloride, in 
acid solution, is a base, C.,,HjjO,N, which is amorphous, but yields 
a crystalline picrate. Since this base gives 5 ; G methylenedioxy- 
o-toluic acid on oxidation with permanganate, it is obvious that 
its constitution must be represented by the partial formula I, and 
it has therefore been named dihydroanhydro-y^-crypto'pint. The 
formation of this base is completely analogous to the conversion 

of isocryptopine chloride ’into tetrahydroanhydroisocryptopine 

(m. p. 138°, p. 722), and the similarity in constitution is clearly 
exhibited when the partial formulae are compared : 


}\/ 

CH, Me 

CH — NMe 

Y/ 

YYcHMe 

DihydroanhydrO't^-cryptopiiie. 



CH, Me 


CH— NMe 

Y ‘I’Hs 

YYch/ 

Telrabydroanhydrotmciyptopme. 
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Section IV (o). The Reduction of f-Methylberberinium Chloride 
(p. 778).— In a commnnicatiou published a short time ago (T., 
1918, 113 , 760), it was shown that anhydroberberine method 
sulphate is converted by the action of hydrochloric acid into a 
substance called f-methylberberinium chloride, which is the 
analogue in the berberine series of ^-cryptopine chloride. Since 
the latter substance exhibits the abnormal behaviour just described 
when reduced by sodium amalgam in acid solution, it was thought 
that it would be interesting to investigate the behaviour of 
^-methylberberinium chloride in the same circumstances. The 
strongly acid solution of ^-methylberberinium chloride was there- 
fore placed on sodium amalgam, when a neutral substance, 
(iso-ip-berberidene), separated, which melts at 117° and 
exhibits the closest resemblance to iso-^-cryptopidene. The main 
product of the reduction was, however, again a base, C^iHjjOjN 
(dikydroanhydro-ip-methylberberine), which, although amorphous, 
yields a crystalline picrate and hydriodide, and obviously corre- 
sponds with the amorphous base— dihydroanhydro-fcryptopine— 
produced during the reduction of if-cryptopine chloride in acid 
solution. 


Section V. 

iso4 nhydrocryptopine, 

MoAnhydrocryptopine is obtained from anhydrocryptopine by 
boiling with dilute hydrochloric acid, thus converting it into the 
isomeric hydroxyisoanhydrodihydrocryptopines, and then removing 
water from the latter by means of phosphoryl chloride (862). 


CH, 


(JH 


/\/ 
f CH. 

-C— NMe 


CH, 


/ 

Anhydrocryptopine. 


CH, 


\/ 


1 

/\ 

.X 

\ 

0 
a 

1 

-c-ohI 

1 1 ’ 

1 _ 

_nTr nMb 

/ ♦ 

vil” Xi iTl W 

1 

/\/ 


■? 



-NMe 


/ 

iffo Anhydrocryptopine. 

Anhydrocryptopine and (soanhydrocryptopine are obviously 
closely related, since both eoutain an unsaturated dihydroiso- 
quinoline ring methylated at the nitrogen atom. The behaviour 
of this ring on reduction has been exhaustively studied in the case 
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of anhydrocryptopine methosalphate (p. 716), with unexpcct«(j 
results, and it seemed possible that additional information of 
importance might be obtained if the behaviour of isoanhydro. 
cryptopine methosulphate were studied under similar conditions. 

To some extent, this expectation was realised, but, on the other 
hand, wide differences, difBicult to understand, were found to occur 
when the behaviour of the products of reduction obtained in the 
parallel cases to the subsequent action of reducing agents wai 
investigated. 

Section V (a). The Reduction of isoAnhydrocrpptojnne Metho- 
sulphate in Alkaline Solution (p. 782). — This methosulphate is 
readily reduced at the temperature of the steam-bath, when sodium 
amalgam acts on its aqueous solution, with the separation of a hasj^ 
C 22 H 55 O 4 N, which has been named dihjdromethylisoanhydrocrt/pio. 
pine. The examination of this base and its derivatives leaves little 
doubt that its formation is correctly represented in the following 


CH, 


CH-C 






\/ 

) C — ifMej-OH 

/ 

t«oABhvdrocr>'ptopine 

metnohydroxide. 


CH, I 

ch-c'^"m^ 

Y 

\ o-NMe, 

DihydromethylMoanhydro. 

cryptopine. 


that is to say, it is formed by a process which is analogous to thit 
which occurs when anhydrocryptopine methosulphate is reduced 
to dihydroanhydromethylcryptopine (p. 716). The new baas melts 
at 122 °, and is further characterised by the fact (i) that it exists 
in well-deHned dimorphic modifications (d) and (B), and (ii) that, 
on boiling with dilute hydrochloric acid, it undergoes a curious 
intramolecular change and yields an isomeric base, CjoHssOjK 
(ipulihydromethylisoanhydrocryptojnno^j which melts at 140° 


CH, 


/ 


Is 1 * 

CH, 

/\/ 

1 

[— 0 Me 

CH- 

ll 

,( 

\/ 

-O'NMp 

I 


/ 

CH, 

1 

l.__ 

/\/ 


:C Mo 


1 

1 

/ 

-CH-MMe, 


/\/ 
/ Me 
-C-OH 

-CH'NMe, 


il/.Dibydromethyliwanhydrocryptopine. 
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This change is probably due to the addition and subse<]uent 
elimination of water, and it is suggested that the process takes 
place according to the scheme on p. 732. 

The occurrence of the grouping, •CMe:C<, receives support from 
the observation that ^-dihydromethylfsoanhydrocryptopine is 
oxidised with unusual difSculty and resists the action of reducing 
agents in a remarkable degree (p. 788). 

The most extraordinary change observed both in the case of 
dihydromethyKsoanhydrocryptopine and its ^-isomeride is the 
behaviour of their methosulphatee on reduction in alkaline solu- 
tion by sodium amalgam. 

In both cases, trimethylamine is eliminated with great ease, 
even at the ordinary temperature, and neutral substances, 
CaoHojO^, are produced which are isomeric with and somewhat 
similar in properties to cryptopidene and the ^-cryptopidenes 
(compare pp. 718, 730). Under these conditions, the metho- 
Bulphate of ^-dihydromethylisoanhydrocryptopine (m. p. 140°) 
yields, so far as could be ascertained, a single substance — ■ 
bocryptopidene (4) — ^melting at 167°, and there is reason to 
believe that this is formed according to the scheme : 


CH3 1 

I /\/ 


Y 

/ 


C=C Me 

■CH-NMe,-OH 


\./ 


CH3 I 

I /\/ 

C=C Me 


/ 


-OH, 


if'-Difaydromethyliroanliydro* 
cryptopine methohydroxide. 


woGryptepidene {A). 
(M. p. 167^) 


Dihydromethylwoauliydrocryptopme methwulphat© behaves in 
a different manner, yielding two substances, according to 

the conditions under which the reduction is carried out. If the 
aqueous solution of the methosulphate is reduced by sodium 
amalgam at 30®, decomposition takes place very gradually, and 
the neutral substance which separates melts at 167®, and is identical 
with the i'socryptopidene (*4) obtained by the reduction of the 
iiiethosulphate of the' t^-isomeride. 'Hie boiling aqueous solution 
Df the methosulphat© of dihydromethyhsoanhydrocryptopine is, 
however, very rapidly decomposed by crushed sodium amalgam, 
the neutral substance, produced melts at 108®, and is 

therefore isomeric with ^cryptopidene (A). It has been named 
'^ocnjptojndene (B). 

If an attempt is made to explain this puzzling state of things, it 
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may be suggested that the rapid formation of the substance 11,4 
ing at '108° is the direct process, 

CH, I 1 

I /\/ I 

CH — C Me . OH — C Me 

/ !1 Y II 

I C-NMe,-OH ^ — CH 

Dihydrometbylwoanhy^o- iaoC^topidme (B). 

cryptopine methohydroxide. P* */ 

and that during the slow process at 30° the prolonged action of tlie 
alkali causes addition and subsequent elimination of water in the 
direction which is assumed to take place during the conversion of 
dihydromethylisoanhydrocryptopine into its ^-isomeride (p. 732). 

CH, I CH, I 

I /\/ I /\/ 

CH — C Me . p C Me ^ 

\/ Y 1 

\ C-NMe,-OH UH-NMe,'0H 

CH, I 

I /\/ 

C=^C Me 


\/ 


-CH, 


/ 

♦MOryptopidecae (a4). 

It is, however, obvious that the changes which take place durbj 
these eliminations of trimethylamine are most unusual, and ei- 
planations of the course which these decompositions take must 
therefore be considered as merely provisional. Some confirmation 
of the constitution assigned to isocryptopidene (B) is to be founii 
in its behaviour on oxidation, when it yields a new acid, Ca,Ha| 0 i 
(m. p. 227°), which has been named ketohydroxydihydromvjp 
jxdenic acid, and very probably has the constitution 

CH, J 

I /\/ 

C(OH)-CO Me 


An acid of this constitution could scarcely result from « 
oxidation of isocryptopidene (A) if the formula assign 

substance above is correct. , „ 

One of the most remarkable decompositions which 
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observed during the course of this long investigation is the process 
of reduction by sodium amalgam, sometimes in alkaline and some- 
times in acid solution, which results in the elimination of the 
iiitrogen atom and separation of a neutral substance, C H 0 
This change has been observed in the following cases; 


A 


OH 


/ 

OH, 


CHiCH— I 


C NMeCl 

\/ / 

A / 

/ ^CH-CHa 
' ^-Cryptopine chloride and 
j^.methyiberberimum chloride. 
(!•) 

CHs I 

I /\/ 

CH— C Me 


— CHMe 


\/ 

I 

UEj 

■-NMe,‘MeSO, 


ip-Anhydrodibydrocryptopme (.4) 
metbosulphste. 

m 


CHo 






v 


/\/ 

=0 Me 


NMcj-MeSO, 

Dihydromethylwoanhydro- 
cryptopine methoBulpnate. 

(in.) 


J CH-NMej'MeSO, 

^-Dihydrometbyli^oanliydro- 
cryptopine methosulphate. 
(IV.) 


ind the nitrogen atom is elimiiiated as methylamino in (I), as 
imethylamiue in (II), and as trimethyiamine in (III) and (IV). 
In the other hand, substances very similar in constitution to those 
gured above, such, for example, as 


/\/ 

CH J,„ 

I! Y ^ 

C NMeOI 

Y I 

A 

wCryptopine chloride. 

CH« 




/ 


CH I 

II V ^ 

C NMe/MeSO, 


AAch:cHj 

Anhydrocryptopine methosulphate. 


\/ 


I /\/ 


'I L 

-C — NMcj-MeSO, 


. 

isoAnhydrocrypbopioe methoeulphate. 
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do not lose the nitrogen atom when subjected to the action of 
sodium amalgam under the same conditions. 

This matter is obviously very complex and difficult to under- 
stand; and, at the present stage, is seems impossible to form any 
idea as to the conditions which cause the nitrogen atom to be in 
so reactive a state that it is readily removed by the action of sodium 
amalgam, sometimes at the ordinary temperature. If opportunity 
occurs, it is proposed to study the mechanism of changes of this 
kind in the case of fkoquinoline derivatives and other analogous 
substances of less complex structure than the substances discussed 
in the present communication. 


Experimental. 

Preparation of Anhydrocrpptopine Metho^idphate, 

It has already been pointed out that the process previously giveti 
(978) for the preparation of this substance is unsatisfactory, and, 
as considerable quantities of this valuable material were required 
for the purpose of the present investigation, comparative experi- 
ments were instituted, and finally the following conditions were 
found to give a yield of more than 80 per cent, of that theoretically 
poeaible. 

The anhydrocryptopine employed was prepared from isocryptc- 
pine chloride substantially according to the method already 
described (975), but it is not necessary to use more than 20 c.c, 
of 25 per cent, methyl-alcoholic potassium hydroxide for each 
10 grams of the chloride. The product was washed thoroughly at 
the pump, first with water, then several times with methyl alcohol, 
in which anhydrocryptopine is very sparingly soluble, and finally 
with water. The pale yellow product was left in contact with 
porous porcelain until air-dry, then dried at a temperature not 
exceeding 80*^* until no iutther loss in •weigkit occurred; finaWy, 
it was powdered and passed through a very fine sieve. Prepared 
in this way, anhydrocryptopine is nearly pure and melts at about 
108 — 110*^; it contains, at the most, traces of inorganic matter am! 
of Jsocryptopine chloride. 

In order to prepare the methosulphate, anhydrocryptopine 
(10 grams) is shaken in a corked flask with excess of freshly distilled 

* If the temperature is allowed to rise to 96 — 100", the mass soon becomes 
brown and viscid and rapidly decomposes, a change which appears to be 
mwhly the result of oxidation. For the successful preparation of the roetho- 
sulphate, anhydrocryptopine must be quite dry. 
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uethyl sulphate (10 o.c.), when a paste is formed and there is no 
apparent immediate action. On keeping, the paste rapidly 
thickens, and in two days will have set to a hard cake. After 
remaining for four days, the flask is broken, and the cake crushed 
and washed at the pump with benzene, which removes the excess 
of methyl sulphate and colouring matter.* 

The dry, pale yellow residue is left on porous porcelain until the 
adherent benzene has evaporated; it then weighs 11 grams, and is 
dissolved in boiling methyl alcohol, from which the pure’roetho- 
sulphate separates, on slowly cooling, in brilliant sulphur-yellow 
prisms, and melts at 238 — 240°, as previously stated. The 
measurement of some fine crystals of anhydrocryptopine metho- 
sulphate was kindly undertaken by Miss M. Porter, with the 
following result: 

The crystals are nionoclinic with axial ratios a: & : c = l‘504 : 1 : 
|}-931, ^ = 104*^15^ the forms observed being (j{100) wfllOl 
f{001), r{101}, and e{102). The habit is tabular parallel to 
i’(OOl), and very much elongated along the 6-axis, as shown in 
Fig. 1. The form c{001) is the predominant terminating form ■ 
rjlOl) is well developed, and e{102}, when present, is very narrow. 
The crystals gave poor reflections; three were measured, and the 
results are placed in the table below. 


No. 


of 

read- 


Azimuth (e). 


Polar distance (p). 


Face. ings. Limits. 

> (MO) 4 89*5.5'— 90» 6' 
• (110) 4 .84 30—34 42 
(001) 3 S7 25 —90 35 
|i01) 3 87 45 —90 15 
^ (102) 1 _ 


Oba, Calc. 
90* r WO- 
*34 34 — 

88 47 90 0 

89 33 90 0 

90 41 90 0 


Limits. 

90’ O'— 90’ 0' 
90 0 —90 0 
15 48—16 2 
19 53 —20 30 


Determinants: 010/001/100. Complex-symbol ! 4h ; - 


Obs. 

Calc. 

90’ 0' 

90“ O' 

90 0 

90 0 

♦15 15 



•20 15 



50 30 

30 40 


I5/64i/-)-2. 


Fro. I. 



A quicker process is to dissolve the cake in boiling methyl alcohol, from 
nich the methosulphate separates, on cooling, in an almost pure condition. 

yield, however, is not so good as that obtained after extraction with 
rnzene. This is probably due to the fact that the solution in boiling methyl 
eoliol, containing the excess of methyl sulphate, rapidly becomes very acid, 
1 this causes some decomposition of the methosulphate. 
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The methyl-alcoholic mother liquors of the pure methosulphate 
yielded, on concentrating, a further crop of less pure methosulphate, 
and, on concenttating further and leaving in the ice-chest, a mass 
of soft, yellow, nearly square plates separated, together with a 
few of the large prisms of the methosulphate. The two sub- 
stances were easily separated by means of a sieve, and the second 
substance, after recrystallisation from water, proved to be anhydro- 
cryptopine methyl hydrogen sulphate : 

0*1181 gave 0-2471 CO^ and 0*0582 II^O. C-57'2; H=5*5. 

requires C=57-0; H-5*4 per cent. 

The most striking difference between the methosulphate and 
this salt lies in the fact that, whereas the solution of the former 
gives no precipitate with ammonia, the addition of ammonia to 
that of the latter causes the immediate separation of a caseous 
precipitate which, after crystallisation from methyl alcohol, melts 
at 110 — 111'^, and consists of anhydrocryptopine. 


Oxidation of Anhydrocryptopine Metkochloride to Dioxynethyl- 


/ 

CH'OH CHj 

iioanhydrodihydrocryplofine (945), | | 

CO NMej 

\/ 

/^ch:ch„ 

This oxidation was carried out by dissolving anhydrocryptopine 
methochloride (5 grams; compare 981) in water (1 litre), and, 
after cooling in ice and salt until the solution was partly frozen, 
cold saturated permanganate (containing 5*5 grams of K.Mn 04 ) 
was gradually added with mechauical stirring. The permanganate 
was immediately decolorised, and, when the operation was com- 
plete, the whole was heated to boiling, filtered, and the brown 
filtrate concentrated to half its bulk, during which a small quantity 
of a crystalline substance separated. After two days, this was 
collected (0'5 gram), and a second small quantity was obtained by 
further concentrating the deep brown filtrate, the total yield being 
0*67 gram. On still further concentrating, the odour of dimethyl- 
amine became apparent, and all attempts to obtain anything 
crystalline from the tar which resulted were unsuccessful. The 
crystalline substance (0-67 gram) is sparingly soluble in cold 


/V 


/ 
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alcohol and not very readily so on boiling, and separates in drab 
needles. After twice recrystallising, the following analytical 
details were obtained with different preparations : 

0-1129 gave 0-2724 CO 2 and 0-0633 H^O. C-65-8; H-6-2. 

0-1026 „ 0-2496 CO 2 „ 0-0596 H^O. C^66-3; H = 6-4. 

C 22 H 25 O 6 N requires C=66'2; H=6-3 per cent. 

Dioxymeth^liBoanh^drodihydrocr^ptopine melts at 187 — 188°, 
and is sparingly soluble in benzene or acetone in the cold and 
nearly insoluble in light petroleum. It dissolves in boiling acetone 
and separates in glistening balls of needles. The substance is a 
strong base, dissolves immediately in cold dilute hydrochloric acid, 
and gives, on the addition of ammonia, a milky liquid and an 
amorphous precipitate which, on warming, becomes crystalline. 
The sulphate and nitrate, like the hydrochloride, are readily 
soluble. The addition of platinic chloride to the dilute solution of 
the hydrochloride produces an ochreous precipitate, which melts to 
a green oil under boiling water, and the supernatant liquid becomes 
first gre«n and then brown. Auric chloride produces, with a dilute 
solution of the hydrochloride, a pale chocolate precipitate, soluble 
in hot water, and, on boiling, the liquid becomes green and deposits 
a purple precipitate of reduced gold. 'When a few drops of copper 
sulphate are added to the solution of the hydrochloride, a pale 
yellowish-green solution is obtained which, on boiling, becomes first 
deep blue, then yellow, and finally deep reddish-brown; the addi- 
tion of alkali then precipitates a reddish-brown precipitate of 
cuprous oxide. 

The solution of the base in ordinary dilute nitric acid becomes 
deep green when heated at about 80°, and is dicbroic with a red 
reSex; if the temperature is raised to the boiling point, the intense 
colour suddenly changes to pale brown, and the odour of nitrous 
acid develops. 

When concentrated nitric acid is poured on to a trace of the 
substance on a watch-glass, a brilliant orange-red colour is pro- 
duced, which soon becomes crimson, and then the addition of water 
gives a crimson solution, which fades to yellow. The solution of 
the base in glacial acetic acid gives no immediate coloration on the 
addition of sulphuric acid, but gradually a pink colour develops, 
h the base is mixed with acetyl chloride in a sealed tube, it 
becomes crimson, then violet, and finally intense indigo-blue, and, 
heating in boiling water, the colour changes to deep green, 
fhe whole dissolves completely in water to a brown solution, and 
^ouia precipitates a chocolate, gelatinous substance which dries 
to a chocolate-black powder The base does not exhibit the 
characteristic purple benzoin reaction when it is warmed with 
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dilute sodium hydroxide or boiled with methyl-alcoholic potasBium 
hydroxide, but, in the latter case, it is converted into a white sub- 
stance, which is apparently a potassium derivative, and this is 
decomposed by water with the separation of a white, flocculent 
precipitate. 

The base appears to yield a semicarbazone when it is boiled with 
excess of semicarbazide hydrochloride and sodium acetate and the 
product precipitated with ammonia, but the amount of available 
material was too small for purification and analysis. 


Section /(a). Rcdncthn of Anhi/drocri/ptophi^ Methomlphate 
in Alkaline Solution: Formation of OiJiydrounhydromethyl- 
cryptopinCf 

A/ 

CH Me 

! 

C'-NMe, 

Y 

Dihydroanhydromethylcryptopiue is obtained when anhydro- 
cryptopine methosulphate is reduced in alkaline solution by sodium 
amalgam under the following conditions: The methosulphate (10 
grams), dissolved in boiling water (200 c.o.), was poured on crushed 
sodium amalgam (100 grams of 4 per cent.) in a porcelain beaker, 
and the whole vigorously stirred, when a base at once separated 
which adhered to the sides of the beaker and to the glass rod, and 
hardened on cooling. The mass was ground up, well washed, dis- 
solved in boiling methyl alcohol, the filtered solution mixed with 
ether, and the methyl alcohol removed by washing with water. 
After drying over potassium carbonate, the ethereal solution was 
concentrated and left for several days in the ice-chest, but, as no 
crystallisation took place, the ether was evaporated. The hard 
residue, which resembled colophony, was dissolved in dilute 
hydrochloric acid and mixed with ammonia, when an amorphous 
base separated, which was dried over phosphoric oxide in a vacuum 
desiccator. Two diSerent preparations were analysed; 

0-1055 gave 0-2758 COj and 0 0619 H^O. C=71-3; H=6-5. 

0-1265 „ 0-3312 COj „ 0-0764 HgO. C = 71-9; H = 6-8. 

requires 0=719; H=6-8 per cent. 

Dihydroanhtjdnmtlhylcryplopine exhibits no tendency to crystal- 
lise; its solution in acetic acid gives with sulphuric acid a port 
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wine coloration, which changes to deep brown on the addition of 
a drop of dilute nitric acid, The salts are readily soluble, and the 
solution of the hydrochloride gives, on the addition of potassium 
iodide, a viscid iodide which dissolves readily in methyl alcohol, 
but could not be obtained crystalline. The ptatinichloride, pre- 
pared hy the addition of piatinic chloride to the dilute solution of 
tie hydrochloride, is a pale oehreous, chalky precipitate : 

0T265 gave 0*2146 CO 2 and 0*0516 H 2 O. C=46*2; H— 4-5. 

(C22H2504N)2H2PtClj requires C=46*2; H = 4*5 per cent. 
Oxidation of Dlhydroanhtfdrovitihylctyijtopttie . — In order to 
obtain evidence as to the constitution of this base, the substance 
[5 grams), dissolved in acetone, was oxidised by the gradual addi- 
tion of finely powdered permanganate (5*5 grams) at the ordinary 
temperature. The product was filtered, the manganese precipitate 
(.1) ”W6il washed with acetone, the filtrate evaporated, and the 
brown syrup, which had a distinct odour of piperonal, distilled in 
a current of steam. The cloudy distillate deposited, on keeping in 
tile ice-chest, a large crop of needles which melted at 70 — 72°, ami 
were recognised as 5 ; 6-methylenedioxy-o-tolualdebyde (907). 

The residue in the steam distillation flask contained an oil, most 
of which was soluble in dilute hydrochloric acid, but no further 
exiiniuation was made. The manganese precipitate (.I) yielded, 
in extraction with boiling water, a brown solution, which was 
ligested with animal charcoal, concentrated, and acidified, when 
1 solid acid separated and crystallised from glacial acetic acid in 
lolourless needles, melted at 214—216°, and consisted of 
j;6-methy!cnedioxy-o-toluic acid (916). 


DihydroanhydTomethyhryploinne Methosulphate, 

C22H2504N,MejS04. 

The solution of the base (3 grams) in benzene (15 c.c.) react 
readily with methyl sulphate (3 c.c.), with development of heat, 
and in a short time the methoaulphate separates as a crystalline 
mass. This was collected, washed with benzene, and crystallised 
from water, in which it is rather sparingly soluble in the cold, but 
readily so on boiling, and from which it separates in colourless 
groups of prisms: 

01164 gave 0*2499 CO^ and 0*0661 HjO. G=58*5; E = 6*3. 

requires C=58*4; H = 6*3 per cent. 

This methosulphate melts at 210°, without effervescence, to a 
slightly coloured syrup ; the solution in acetic acid gives with 
mlphuric acid a deep cherry-red coloration which, on the addition 
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of a drop of dilute nitric acid, changes to brownish-violet. The 
corresponding methiodide, C 22 H 2504 N,MeI, is obtained by adding 
hot dilute potassium iodide to the hot dilute solution of the metho- 
sulphate, when a milky liquid is produced, which soon deposits 
glistening spangles : 

0-1123 gave 0'2242 CO. and 0-0559 H 2 O. 0=54-4; H=5-5. 

G22H2504N,MeI requires C=54‘2; H=5*5 per cent. 

This iodide is remarkably stable, it scarcely darkens at 200^^, and 
melts at about 217° with very little decomposition. 


Hydroxycryptopidene (compare 926), 


K/ 


/\/ 

OH Me 


O'OH 


Y 


This interesting substance, isomeric and closely allied in proper- 
ties with a-i^ocryptopidol (m. p. 90 — 92°; 948), is obtained when 
dihydroanhydromethylcryptopine methosulphate is decomposed by 
methyl-alcoholic potassium hydroxide. The methosulphate (7 
grama), dissolved in hot methyl alcohol, was mixed with methyl- 
alcoholic potassium hydroxide (60 c.c. of 25 per cent.) and heated 
to boiling, when trimethylamiiie was immediately eliminated, but 
decomposition was nevertheless slow. 

After an hour, most of the methyl alcohol was evaporated, and 
the pasty residue heated in boiling water for two hours; water was 
then added, and the viscid precipitate extracted with much ether. 
The ethereal solution, which contained a flocculent precipitate 
consisting apparently of a polymeric modification of hydroxy- 
cryptopidene (compare below), was filtered, thoroughly washed with 
dilute hydrochloric acid, dried over potassium carbonate, and con- 
centrated, when, on remaining for several days in the ice-chest, a 
crust of nodules separated which melted at 88 — 89°, and consisted 
of pure hydroxycryptopidene. As the amount which had separated 
was only small, the ethereal mother liquor was evaporated, when a 
pale brown syrup remained which soon began to crystallise m 
nodules, and crystallisation was much facilitated by trituration 
with methyl alcohol, in which the substance is sparingly soluble. 
After collecting and washing with methyl alcohol, the colourless 
residue was recrystallised from methyl alcohol,, from which hydr- 
oxycryptopidene separates in circular nodules melting at 87—89 , 
Two different preparations were analysed : 
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0-1272 gave 0-3288 CO3 and 0-0704 HgO. C=70-4; H=6-l. 
0-1289 „ 0*3336 CO2 >, 0-0701 H^O. C=70-5; H-61. 

• ^20^20^5 0=70’ 6; ^=5-9 per cent. 

Uydroxycry'ptopdene is very readily soluble in benzene, but 
sparingly so in ether or cold, light petroleum. It dissolves, how- 
ever, moderately readily in the latter solvent on boiling, and 
separates in well-developed chisel-shaped prisms and also in single 
lenticular prisms. 

Hydroxycryptopidene dissolves in acetyl chloride in the cold 
4ith some development of heat, and, when heated in a sealed tube, 
the solution becomes purple, then bluish-violet, and finally deep 
indigo-blue. When the product is evaporated on the steam-bath, 
a blue resin remains, which loses its colour on boiling with methyl 
alcohol, and a chalky substance separates. This was collected, 
washed with methyl alcohol, in which it is nearly insoluble, and 
purified by dissolving in glacial acetic acid and precipitating with 
Diethyl alcohol. After washing with methyl alcohol, the chalky 
residue contained 4*98 per cent, of chlorine, and this was removed 
by boiling with 10 per cent, methyl-alcoholic potassium hydroxide. 
Ihe precipitate was then collected, washed well -with methyl 
alcohol, then with water, dissolved in glacial acetic acid, and pre- 
cipitated by methyl alcohol : 

01158 gave 0*3005 CO3 and 0*0603 H2O. C — 70*8; H = 5‘8. 

C20H20O5 requires C — 70*6; H = 5*9 per cent. 

Clearly the action of the acetyl chloride had been, not to pro- 
duce an acetyl derivative, but to convert the hydroxycryptopidene 
into a polymeric modification, which, since it closely resembles 
;3-!,sr;cryptopidol (947), may be named hydxoxyhocryptopidme 
This polyraeride shrinks at 175 — 180° and froths up at about 200°. 


/ 

hdion /(b). Eeduction of Anhydrocryptopine Methosulpkate 
in Acid Solution: Formation of TetrahydroanhydromethyU 
cryptopine, 


/\/ 

CH, Me 

I 

CH-NMe, . 

\/ 

I . 

/\ch:ch. 


lu preparing tetrahydroanhydromethylcryptopine, anhydro- 
'^’TPtopine methosulphate (5 grams), dissolved in warm water 
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(100 c.c.) and dilute hydrochloric acid (5 c.c.), was poured ou 
sodium amalgam in a flat basin, and then hydrochlprie acid 
(20 c.c.) gradually added, so that the whole always remained dis- 
tinctly acid.* As soon as the amalgam was exhausted, the liquid 
was filtered from a small quantity of a viscid substance insoluble 
in dilute hydrochloric acid, mixed with excess of ammonia, and 
the milky product extracted with ether. The ethereal solution 
was washed with water, dried over potassium carbonate, and con- 
centrated, and, as no crystallisation had taken place after remain- 
ing for a week in the ice-chest, the ether was evaporated. The 
gummy residue was then dissolved in dilute hydrochloric acid, pre- 
cipitated by ammonia, and, after collecting and washing, the base 
was dried in a vacuum desiccator over phosphoric oxide i • 

0-1140 gave 0-2972 COj and 0-0757 H^O. G=71-l; H=7-4. 

requires C=71-5; H=7-3 per cent. 

Tetrahjdroanhtidromtihyhry'plofine, isomeric with anh^ydro- 
tetrahydromethylcryptopiue (m. p. 107°; 898), has not been 
obtained in a crystalline condition. 

It is readily soluble in dilute hydrochloric acid, and the addition 
of concentrated hydrochloric acid produces a milky liquid, from 
which the hydrochloride separates as a syrup. The platinichlorlde, 
prepared in the usual manner, is an ochreous precipitate some- 
what soluble in hot water, from which it separates as a chalky 
powder : 

0-1175 gave 0 1997 CO 3 and 0-0539 H„0. C=46-3; H=6-0. 

0-4372 „ 0-0719 Pt." Pt=16-4. 

(Cj 5 Hoj 04 N) 2 ,H 2 PtClo requires C = 46-l ; H = 5-0; Pt = lS-9 per cent. 


Oryptopidene (I) and Tetrakydroaryptopidena (II), 


■ /\/ 


/\/ 

CH Me 

ll 


CHjMe 

i) 

CH 

and 

1 

CH„ 

\/ 

1 


\/ 

1 

1 


1 

(I) 


(11.) 


The methosulphat* of tetrahydroanhydromethylcryptopine does 
not separate when the solution of the base (2 grams) in benzene 

• It is important tbat the temperature should not rise above G 0 °, and that 
a large excess of hydrochloric acid is not present at any time, otherwise there 
is a risk of the formation of considerable quantities of i^-cryptopine chloride 
(compare p. 767). 
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(5 c.c.) IS mixed with methyl sulphate (2 c.c.) and 'allowed to 
r6Hi3'in twenty-four hours. 

On the addition of ether, the methoeulphate is deposited, how- 
ever, as a syrup, which on rubbing shows signs of crystallising 
The s^up was washed with ether, dissolved in a little methyl 

potassium hydroxide 

(20 C.C. of 30 per cent.), when trimethylamine was eliminated, and, 
after half an hour, the methyl alcohol was evaporated, the residue 
mixed TOth water, and extracted with ether. The ethereal solu- 
tion, which had a lilac fluorescence, after well washing with dilute 
hydrochloric acid and drying over potassium carbonate, deposited 
on evaporation a syrup, which soon crystallised, and contact with 
porous porcelain removed traces of oily impurity. The colourless 
residue separated from methyl alcohol in glistening needles exhibit 
mg a stnking hlac fluorescence, melted at 122—123° and was 
recognised as cryptopideru^. The identity was con&med by 

analysis (Found: C=73'6; H = 6-2. requires C = 74'l- 

H-6 2 per cent.) and by the fact that the mixture with a speci- 
men of cpptopidene which had previously been obtained from 
anliydroUtrahydromethylcryptopme methosulphate (926) melted 

at 120 — 122'^. ' 

Ulrahydrocryptopidene, C 2 oIIj, 0 ,.-This fine substance is 

obtained when cryptopidene is reduced in boiling alcoholic solu- 
tion with sodium, but the change does not take place very readily 
aud completely. ^ j 

The boiling solution of cryptopidene (5 grams) in alcohol 

L!k TH contained in a 

task fitted TOth a long condenser and heated in boiling salt solu- 

1011 . Small quantities of boiling alcohol were run in from time 

added, the whole extracted with ether, the ethereal solution washed 
horoughly, dried, and evaporated, when a crystalhne residue 
rained, which, however, coutaiued unchanged cryptopidene. 

and " “ T first i"stRRce, 

and the product repeatedly recrystallised from methyl alcohol, ii^ 

cc!f “ rather sparingly soluble in the 

hlh '"e groups of prisms 

ei d in obta Considerable difficulty was experi- 

enced in obtaining accurate analytical results; ^ 

0'1236 gave 0-3284 COj and 0-0797 H^O. C = 72-6; H = 7-2 
1142 „ 0-3048 COj „ 0-0750 HjO. C = 72-7; H = 7-3 
CfflHs^O^ requires C=73-2; H = 7-3 per cent. 

^etrahydrocryptopidene melts at 78°, and is readily soluble in 

V F 
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hot alcohol, acetone, acetic acid, or benzene. It is sparingly soluble 
in light petroleum (b. p. 60 — 80®) in the cold, but dissolvdfc readily 
on boiling, and separates splendidly in stout, well-developed 
tabular prisma with bevelled edges when the solution is allowed to 
cool very slowly or to concentrate spontaneously. The solution in 
acetic add gives with sulphuric acid an orange-red coloration, 
which changes to a port wine colour on the addition of a drop of 
dilute nitric acid. It dissolves in concentrated nitric acid with a 
striking crimson colour, which soon fades. 


Section II. 

Reduction of Cryptopine Methochloride in- Alkaline Solution. 

i 

/\/ 

Cfl^Me 

Dihydromcthylcrijptoinnc, OO 

Y 

In studying this reduction, the solution of the methochloride 
(881) (5 grams) in water (100 c.c.) was treated at about 50® with 
sodium amalgam (100 grams of 4 per cent.), when rapid separation 
of a viscid, grey base occurred, and the completion of the process 
was facilitated by heating on the steam-bath. The base was dis- 
solved in methyl alcohol, mixed with much ether, the ethereal 
solution thoroughly washed with water, dried over potassium 
carbonate, and concentrated, when, on keeping in the ice-chest, a 
hard crust of rather indefinite crystals gradually separated, which 
melted at about 100—102®. The crystals were again dissolved in 
dry ether, by the aid of methyl alcohol as before, and the rather 
concentrated liquid then deposited a small quantity of glistening, 
prismatic needles ( 0’2 gram) of dihydromethylcryptopine, which 
became opaque on drying in the steam-oven : 

0T184 gave 0-2977 CO 2 and 0-0757 H^O. C= 68 - 6 ; H=7-l. 

C 22 H 27 O 5 N requires C= 68 ' 6 j ir=:7-0 per cent. 

Dihydromethylcryptopine melts at 118 — 120®, and is readily 
soluble in hot methyl alcohol, but sparingly so in the cold, separ- 
ating from the hot solution on slowly cooling in glistening, six- 
sided prisms. When triturated with dilute hydrochloric acid, the 
base at first becomes viscid, and then the very sparingly soluble 
hydrochloride forms, which dissolves in boiling dilute hydrochloric 
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acid and separates as a crust of microscopic prisms. The solution 
of a trace of the base in a drop of glacial acetic acid gives, with 
sulphuric acid, a deep reddish-brown coloration. 

Oxidation , — The base (0*7 gram), dissolved in acetone (20 c.c.), 
was oxidised by the gradual addition of very finely powdered per- 
manganate (1'2 grams), but the reduction of the permanganate 
took place unusually slowly and required two days for completion 
at the ordinary temperature. 

After filtering and washing with acetone, the manganeso pre- 
cipitate was extracted with boiling water, the extract digested 
with animal charcoal, evaporated to a small bulk, and acidified, 
when a cloudy liquid was produced, which soon deposited a 
sparingly soluble, crystalline acid. 

This was collected and recrystallised from glacial acetic acid, 
when it separated in colourless needles melting at 214 — 216®, which 
were recognised as 5 : fi-methylenedioxy-o-toluic acid, 
CHglOgICgHgMe'COgH (916). 

The acetone extract from the oxidation was scarcely coloured, 
aud yielded, on evaporation, a syrup which had the odour of 
piperonalj and was largely insoluble in dilute hydrochloric acid. 
On distilling in a current of steam, there separated from the dis- 
tillate needles which melted at 72 — 73®, and consisted of 5:6- 
jiiethylenedioxy-o-tolualdehyde, CH2^02X'(jH2Me’CH0 (907). 

The ethereal mother liquors from which the dihydromethyl- 
ci'vptopine had separated, as explained above, were concentrated 
and left for some days in the ice-chest; the hard cake of crystals 
wag then dissolved in dilute hydrochloric acid, and again allowed 
to remain, when a crust of crystals (0 8 gram) of anhydrotetra- 
hydromethylcryptopine hydrochloride, C22H2704N,HC1 (900), 

separated. This sparingly soluble hydrochloride was removed by 
filtration, the filtrate made strongly alkaline with ammonia, and 
the viscid base extracted with ether. After drying over potassium 
carbonate and concentrating, the ethereal solution deposited hard 
crystals which melted at 106 — 107®, and consisted of tetrahydro- 
methylcryptopine, C22H28O5N (896). The latter is the principal 
product of the reduction of cryptopine methochloride under the 
conditions described at the beginning of this section. Experiments 
^ere also made on the reduction of cryptopine methosulphate (880) 
in alkaline solution with sodium amalgam, but the only product 
that could be isolated was tetrahydromethylcryptopine. 
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Section 111 (a). The Reduction oj i^oCrypioyine Chloride, 



C — NMeCl in Alkaline Solution. 

\/ I 

1 OH, 

/\CH, 

I'or the purpose of this invcstigatiou, crushed sodium amalgam 
(100 grains of 4 per cent.) was added to isocryptopine chloride 
(5 grams), dissolved in about 400 c.c. of boiling water, and the 
whole placed on the steam-bath and well stirred, the water being 
replaced as it evaporated. 

A viscid base soon began to separate, and, after an hour, the 
whole was filtered hot and the residue washed with hot water. 
The filtrate, mixed with excess of hydrochloric acid, deposited a 
large quantity of a quaternary salt, which was readily recognised 
as ssodihydroeryptopine S-chloride (compare p. 721), and this 
substance is produced in such considerable amount that this process 
affords a much more convenient means for its preparation than 
that previously described (934). The viscid base was dissolved' in 
alcohol and mixed with much ether, which caused a further small 
quantity of the quaternary salt to separate; this was filtered off, 
the ethereal solution washed thoroughly until free from alcohol, 
quickly dried over potassium carbonate, and filtered. During the 
subsequent concentration, a base began to separate on the sides 
of the flask as a glistening, crystalline crust, and, on long keeping 
in the ice-chest, this increased considerably. When this deposit 
was fractionally crystallised from methyl alcohol, it separated into 
(i) considerable quantities of telrahydroanhydroimwyftojmie, 
CjjH.jOjN (m. p. 138°), identical with the base obtained as one 
of the products of the reduction of Mocryptopine chloride in acid 
solution (p. 701), and quite small quantities of a new base, 
C.,iH2304N — dihydroanhydroi^^cryptojnne — melting at 195°, the 
constitution of which is represented by the formula 


/\/ 

CH Me 


CH-KM« 


\/ 

I 

/^CH 


tlHj 

/. 
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0 0829 gave 0-2174 CO., and 0 0480 HjO. C=71-5; H = 6-4. 

0 1246 „ 0-3261 COj „ 0-0729 HjO. 0=714; H = 6-5. 

CjiH^sO^N requires 0=71-4; H = 6-5 per cent. 

This interesting substance separates from alcohol or methyl 
alcohol, in both of which it is very sparingly soluble, in pale lemon- 
yellow needles. 

It is also sparingly soluble in boiling benzene or acetone, and 
separates particularly well from the latter in glistening needles. 
The solution in glacial acetic acid gives no coloration with sulphuric 
acid but, on the addition of a drop of dilute nitric acid, an intense 
permanganate coloration rapidly develops. 

The Hydrochloride. — The base dissolves readily in dilute hydro- 
chloric acid, and, on rubbing, the hydrochloride soon separates in 
needles. It is readily soluble in boiling water, but almost insoluble 
in dilute hydrochloric acid in the cold : 

0-llSl gave 0-2721 COj and 0-0652 H,0. 0=64-5; H = 6-3. 

CjinjaC^HiHCl requires C=74-7; H = 6-2 per cent. 

The sulphate is soluble and docs not appear to crystallise readily, 
but the addition of nitric acid to the dilute solution of the sulphate , 
immediately precipitates the nitrate, which is very sparingly soluble 
in hot dilute nitric acid and crystallises rather indefinitely. When 
boiling dilute potassium iodide is added to the boiling dilute 
lolution of the sulphate, a milky liquid is produced, from which 
the hydriodide soon separates as a crystalline mass. This was 
collected and recrystallised from boiling alcohol, in which the salt 
is sparingly soluble and from which it separates in warty aggre- 
gates melting at about 250 — 255° with decomposition to a yellow 
froth ; 

0 1046 gave 0-2017 CO, and 0-0471 H^O. C=52-6; H = 5'0. 

CjiHjjOjNjHI requires C=52-4; H=5-0 per cent. 


Section III (b). The Reduction of isoOryptoplTie Chloride in 
Acid Solution. 

In attempting this reduction, considerable difficulty was experi- 
enced owing to the sparing solubility of fsocryptopine chloride in 
dilute hydrochloric acid, and, indeed, in mineral acids in general. 

Ultimately, however, the following process was found to work 
well. 

•soCryptopine chloride (5 grams), dissolved in glacial acetic acid 
(25 C.C.), is mixed with boiling water (100 c.c.), and, after heat- 
Mg to boiling, concentrated hydrochloric acid (20 c.c.) is added, 
ind the whole poured on sodium amalgam (100 grams of 4 per 
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cent.) in an enamelled iron basin. So soon as the vigorous action 
has subsided, the same quantity of sodium amalgam is again added, 
as well as sufficient hydrochloric acid to keep the liquid strongly 
acid. The whole while hot is decanted from the mercury on to a 
Buchner funnel connected with the pump, and the filtrate, which 
immediately begins to crystallise in minute needles, left overnight. 

The precipitate (4) is collected, washed with a little water, the 
filtrate heated to boiling and mixed with excess of ammonia, when 
a viscid, grey mass (B) separates, which is immediately filtered 
off, and the filtrate, on keeping overnight, becomes filled with a 
soft mass of needles (G). The substance (.4), which is almost pure 
e'iocryptopine chloride, is again reduced as before, and, even after 
the operation has been repeated four times, isocryptopine chloride 
still remains. 

This was proved by analysis (Found: C = 59*3; H = 6’3. 
C 2 iH 2204 NC 1 , 2 H 20 requires C=59*5; H = 6’l per cent.) and also 
by the fact that the salt yielded anhydrocryptopine (975) on decom- 
position with methyl-alcoholic potassium hydroxide. The 
quaternary salt (C) crystallised well from hot dilute hydrochloric 
acid in long needles, and, in contact with porous porcelain, dried 
to a homy mass which did not melt at 260'^. On examination, 
this salt was found to be isodihydrocryptopine j8-chloride, since, 
when digested with methyl-alcoholic potassium hydroxide, it yielded 
a substance which, after* crystallisation from acetone, melted at 
178°, and was recognised as anhydrodihydrocryptopine (^) (938). 

The viscid, grey mass (S) hardens on keeping, and becomes 
crystalline in contact with methyl alcohol. The whole is dissolved 
in boiling methyl alcohol and set aside, when a crop of crystals 
separates which usually consists of a mixture of ietrahydroankydro- 
isocryptoj/ine (m. p. 138°) and dihydroanhydToddhydrocriiptopiie 
(.1) (m. p. 164°). 

The latter of these is much the less soluble in methyl alcohol, 
and at some concentrations separates almost completely before the 
base, melting at 138°, begins to crystallise. If this is not the case, 
fractional crystallisation from methyl alcohol must be resorted to 
until separation is complete. The constitutional formula of the 
two bases and their derivatives are discussed fully in the intro- 
duction (pp. 722 and 723). 
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CHj M« 


Teirahydroanhifd/rfnm^yplopine, 


€H-NMe 

N/ I 

/\ch/ 


This base, obtained as described in tbe last section, separates 
from methyl alcohol in groups of striated, prismatic needles, and 
melts at 138— 139^; 

0*1139 gave 0-2958 CO^ and 0-0731 H,0. C^70*8; H=7*l. 
0*1253 „ 0*3264 CO 2 „ 0*0804 H^O. C=71*0; H = 7*l. 

CgiHgjO^N requires C = 71*0; H=7*0 per cent. 
Tetrahydroanhydrokoer^ptopine is readily soluble in boiling 
alcohol, acetone, or benzene, and crystallises well from all these 
solvents. Discoloured specimens of the base are readily purified 
by dissolving in dilute hydrochloric acid, digesting with animal 
charcoal, and precipitating with ammonia. In this condition, the 
base is soluble in ether, and. the ethereal solution, after drying 
over potassium carbonate and concentrating, deposits the base as 
a colourless, crystalline crust. 

Tbe salts with mineral acids are readily soluble, and crystallise 
from concentrated solutions in needles. Long boiling with con- 
centrated hydrochloric acid does not appear to have any action on 
the hydrochloride, which separates, on keeping in the ice-chest, in 
balls of needles. The solution of a crystal of the base in acetic 
acid gives with sulphuric acid a pale brown coloration, which 
becomes greenish-brown on keeping, and the addition of a drop 
of dilute nitric acid changes the colour to deep port wine. The 
^tinichloride is obtained, on the addition of platinic chloride to 
the dilute solution of the hydrochloride, as a pale yellow, caseous 
precipitate, which soon becomes crystalline. It dissolves appreci- 
ably in boiling water, and separates as a heavy, pale orange deposit 
consisting of groups of irregular plates : 

0-1272 gave 0-2069 CO.^ and 0*0507 H.,0. 0-44*4; H-4*5. 
0-5064 „ 0*0854 Pt.‘ Ft=16*9. 

(C 2 iHi 04 N) 2 ,H 2 PtClg requires C-45*0; H-4-6; N = 17-3 per cent. 

The mercurichloride separates, on adding mercuric chloride to 
the dilute solution of the hydrochloride, as a white, caseous pre- 
cipitate which soon becomes crystalline; it melts under boiling 
water, dissolves moderately readily, and, when coo, led and rubbed, 
tbe milky liquid soon crystallises. 
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The Methomlphate. — This derivative is readily obtained by add- 
ing methyl sulphate (1 c.c.) to the solution of the base (1 gram) 
in warm benzene, when there is appreciable development of heat 
but no immediate separation.* On keeping in the ice-chest, 
glistening plates soon begin to form, and, after twenty-four hours, 
the substance is collected and washed with benzene, but it was not 
recrystallised I because it is very readily soluble both in water and 
in methyl alcohol. 

After drying in the steam-oven, it softened at 145° and melted 
at about 160°; 

0'1185 gave 0-2509 COo and 0-0686 H^O. C = 57-7; H = 6-4. 

CjiHjTjO^NiMejSO^ requires C=57-4; H = 6-5 per cent. 

The aqueous solution of this methosulphate gave no precipitate 
on the addition of ammonia or dilute sodium hydroxide. 

The Uethiodide. — The addition of hot dilute potassium iodide 
to the hot aqueous solution of the methosulphate produces a milky 
liquid, which soon crystallises beautifully in glistening scales; 

0-1124 gave 0-2179 COj and 0-0565 HjO. C=62-7; H = 5-6. 

CjiHjsO^NjMel requires C = 53-l; H=5-6 per cent. 

This methiodide does not become yellow until about 250°, and 
melts at about 263°, without effervescence, to a lemon-yellow liquid. 
It is very sparingly soluble in water or alcohol, and separates, when 
the solution in the latter solvent is concentrated, as a glistening, 
heavy powder consisting of stout prisms with bevelled edges. 


CH Me 

II 

A nhydroieiTiihydromethylcrijptoirine, CH 

\/ 

This substance is produced when the methosulphate of tetra- 
hydroanhydroJ^ocryptopine is decomposed by methyl-alcoholic 
potassium hydroxide. The methosulphate (1 gram) was boiled 
with methyl-alcoholic potassium hydroxide (10 c.c. of 20 pe^ cent.) 
in an open flask for ten minutes, when decomposition set inTeadily 
and a cloudy liquid was produced, which soon deposited a white, 
crystalline precipitate. The product was mixed with water, heated 

* If, however, the benzene solution is boiling, a vigorous reaction sets m, 
and the methosulphate commences to crystallise at once, the separation being 
complete in a few minutes. 
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to boiling, the aqueous liquid decanted from the viscid mass, and 
the latter recrjstallised from methyl alcohol, from which it 
separated in glistening, colourless plates having a striking lilac 
fluorescence and melting at 107 — 109°. That this substance was 
anhydrotetrahydromethylcryptopine was proved by analysis 
(Found: C-71-2; H-T'S; N=3'9. C 22 H 27 O 4 N requires C=71'5; 
H=7*3; N=3'8 per cent.) and by the fact that a mixture of the 
substance with a specimen of anhydrotetrahydromethylcryptopine 
which had been prepared from tetrahydromethylcryptopine (899) 
melted at 106 — 108°. Moreover, a comparison of the crystals 
clearly established the identity of the two preparations. 

Oxidation of Tetrahydroan'hydrohocryptajnne . — ^This oxidation, 
which has afforded valuable evidence in support of the constitution 
assigned to the above substance (p. 751), was carried out under 
the following conditions. The base (9 grams) was dissolved in 
warm acetone (400 c.c.), the solution cooled to the ordinary 
temperature, and then very finely powdered and sieved perman- 
ganate (13 grams) added in small quantities at a time with vigorous 
stirring Oxidation was slow at first, but became more rapid as 
the temperature rose, and care was taken that the temperature 
remained below 20° throughout the operation. The product was 
filtered, the manganese precipitate thoroughly washed with 
acetone, and the acetone filtrate treated as described below. 

When the manganese precipitate was extracted with boiling 
water, a very slightly coloured filtrate was obtained which, after 
concentrating considerably, yielded, on acidifying with hydrochloric 
acid, a very sparingly soluble, nearly colourless, cbalky precipitate 
(2 grams). This was collected and crystallised from glacial acetic 
acid, from which it separated in needles melting at 215 — 216°, and 
yielded on analysis; C=:60'0; H=4'6, whereas requires 

C=60'0; H=4'5 per cent. Careful comparison showed that this 
acid was identical with 5:6-methylenedioxy-o-toluic acid (916), 
CHslOaXgHaMe'COxH. 

The acetone solution, which had been filtered from the man- 
ganese precipitate as described above, was evaporated, when a 
yellow syrup remained, which gradually deposited needle-shaped 
crystals. When the whole was distilled in a current of steam, a 
itiilky distillate was obtained, which deposited a mass of crystals 
having the odour of piperonal, and, after recrystallisation from 
light petroleum, melted at 73 — 74°. That this substance was 
5 ; G-methylenedioxy-O'tolualdehyde, CH 2 l 02 !CeH 2 Me’CH 0 , was 
proved by direct comparison with a specimen of this substance 
which had previously been obtained by the oxidation of anhydro- 
tetrahydromethylcryptopin© (907). The residue in the steam dis- 
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tillation flask was extracted with ether, the ethereal solution washed 
with very dilute hydrochloric acid to remove any basic substances, 
dried over potassium carbonate, and evaporated. When the resi- 
dual, pale yellow syrup was seeded with a trace ol l-keto-6:7- 
dimethoxy- 2 -methylbetrahydroisoquinolin 6 . 


CO 



(m. p. 126°) (Pyman, T., 1909, 95, 1272; 1910, 97, 269), it rapidly 
became crystalline. After remaining in contact with porous porce- 
lain for a couple of days, the colourless, crystalline residue was 
recrystallised from dry ether, from which it separated in prisms 
melting at 126°. Moreover,'the intimate mixture with a specimen, 
prepared by the method described by Pyman, melted at the same 
temperature. 


Dihyd^oanhydroilihydrocyyiUopinc (.1 ), 




/\/ 

CHj 

, OH, 
CH. HMe 

,/ I 


OH, 


/\ch/ 


This base, produced by the redaction of tsocryptopine cbloridt 
under the conditions specified on p. 750, separates from acetone 
in which it is rather sparingly soluble, in groups of glistening 
prisms, and melts at 163 — 164*^: 

0-1057 gave 0-2752 COg and 0-0670 H,0. C-71-0; H=7‘0. 

0-1036 „ 0-2701 COo „ 0-0661 Hp. C=71-l; H=7-l. 

C 2 JH 25 O 4 N requires C=71'0; H = 7'0 per cent. 

Dikydroanhydrodihydrocrypiophie {A) is characterised by beiug 
remarkably sparingly soluble in boiling methyl alcohol, from which 
it separates in stars of flat needles; it is much more readily soluble 
in ethyl alcohol, and readily so in benzene. The solution of a 
crystal in a drop of acetic acid yields, on mixing with sulphurif 
acid, at first no coloration, but gradually an intense indigo 
develops, and the addition of a drop of dilute nitric acid changes 
this to orange. 

The salts of dihydroanhydrodihydrocryptopine (A) are much less 
readily soluble in water or dilute acids than those of the isomenc 
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tetrahydroanhydrcvi^ocryptopind {p. 751). When dilute hydro- 
chloric acid is added to the base, the crystals at first dissolve, but 
almost at once the hydrochloride commences to separate, and is 
very sparingly soluble in cold dilute hydrochloric acid. It dissolves 
readily, however, on boiling, and separates in groups of flat needles. 
The sulphate is also sparingly soluble in dilute sulphuric acid, and 
crystallises in long hairs radiating from a centre. The base does 
not dissolve in dilute nitric acid, but is at once converted into the 
crystalline nitrate, which is more sparingly soluble than either the 
hydrochloride or sulphate, and separates from its solution in hot 
dilute nitric acid in stout, prismatic needles with bevelled edges. 
When boiling dilute solutions of the hydrochloride and potassium 
iodidd are mixed, a clear solution is formed, from which the hydr- 
iodide separates in stars of thin laminse, and is almost insoluble in 
cold water. The platinichloride separates, on the addition of 
platiuic chloride to a hot dilute solution of the hydrochloride, as 
i viscid, pale ochreous precipitate, which soon hardens ; it is some- 
what soluble in boiling water and crystallises in microscopic balls 
of needles : 

0-1130 gave 0-1848 CO^ and 0-0464 H.O. C-44-6; H = 4-6. 
0’5052 „ 0-0859 Pfc. Pt=17-0. 

(C2iH2504N)2,H2ptClg requires C- 45*0; H = 4-6; Pt^lT'S per cent. 

The addition of mercuric chloride to the dilute solution of the 
hydrochloride produces a curdy precipitate resembling silver 
iloridej this is somewhat soluble in boiling water and separates in 
stars of prisms. 

The picrateis a chrome-yellow precipitate which melts under boil- 
ing water and dissolves with difficulty. 

The Methomlphaie. — When methyl sulphate (1 c.c.) is added to 
the solution of the base (1 gram) in benzene (10 c.c.), there is no 
separation at first, but, in a minute or two, the liquid clouds and a 
viscid syrup is deposited which crystallises on rubbing, the whole 
becoming a glutinous mass of soft needles. The substance is rather 
difficult to collect, and is so readily soluble in water or methyl 
alcohol that it could not be recrystallised. After drying in tbe 
steam-oven, it yielded the following analysis: 

01191 gave 0-2499 COg and 0-0701 HgO. C-57-2; H-6-6. 

CgiHgjO^NjMegSO^ requires C = 57*4; H=:6-5 per cent. 

The aqueous solution of this methosulphate gives no precipitate 
the addition of ammonia, and a trace of the salt, dissolved in 
glacial acetic acid, gives no characteristic coloration on the addition 
d sulphuric acid , 

It is mentioned in the introduction (p. 723) that dihydroauhydro- 

TT F* 2 
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dlhydrocryptopine (i) is unusually resistant towards pemau- 
ganate, and this was evidenced by the following experiment. A 
few milligrams of very finely powdered permanganate were added 
to the solution of the base (3 grams) in acetone (150 c.c.), hu^t no 
appreciable oxidation had taken place after remaining at 0 or 
fifteen minutes. When the temperature was raised to 20 , oxida- 
tion took place more rapidly, and, after 5 grams of permanganate 
had been reduced, the product, worked up in the usual manner, 
yielded 0'175 gram of unchanged base. A small quantity of a 
resinous, sparingly soluble acid was produced, and also an oily 
base, but the quantities of these were quite insuf&cient for further 


investigation. 

Reduotion of Anhydrodihydroeryptopine (A, 938) to Dihydro- 
anhydrodihydrocryptopine (A).-This conversion, which afiords 
welcome confirmation of the constitution assigned to the lastinamed 
substance (p. 723), was carried out under the following conditions: 
Anhydrodihydrocryptopine (A) (m. p. 178“; 7 grams) dissolved in 
boiling water and concentrated hydrochloric acid (50 c.c.), was 
poured on freshly prepared 4 per cent, sodium amalgam (35 
grams) in an enamelled iron basin, and the whole well stirred unti 
the amalgam had been completely used. The product contained 
a colourless, satiny mass of needles, and enough boiling water 
added to bring the whole into solution. After filtering, ex^s o 
ammonia was added, when a caseous mass separa^, which was 
washed with a little cold water and digested with boihng water 
to dissolve out a quaternary salt which was present (see below). 
The residue was dissolved in boiling methyl 
keeping, glistening crystals separated which melted at 162-lM 

and consisted of dihydroanhydrodihydrocryptopine (A) since the 

admixture with a specimen of this substance which had been pr - 
pared by the method described at the commencement of this section 
Llted at 162-164°. The identity was confirmed by analysB. 
The aqueous ammoniacal filtrate from the base (A) deposM 
on keeping, a considerable crop of a quateima .7 salt s 
a satiny mass of needles. This was collected, and ‘dent^ed 
I'sodihydrocryptopine ;8-chloride (934), since it did no^ 

260°, ^and, when digested with methyl-alcoholio potassium y 
oxide, yielded anhydrodihydrocryptopme (A), melting at li» ■ 
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1 

/\/ 

CH 

Dihydroi^mnhydrodihydrometJiylcryplofnne, | y”* 

CH- NMe- . 

\/ 

I 

/\ch:cHj 

This beautiful substance is obtained when the methosulphate of 
dihydxoanhydrodibydrocryptopiue (^4) is digested with methyl- 
alcoholic potassium hydroxide. The methosulphate (3 grams) was 
dissolved in hot methyl alcohol (25 c.c.), mixed with methyl- 
alcoholic potassium hydroxide (20 c.c. of 20 per cent,)> and heated 
to boiling in an open fla^ in such a way that there was consider- 
able concentration. The decompraition took place rather slowly, 
and, after fifteen minutes, the cloudy solution was mixed with 
water, when a gum separated which showed no signs of 
crystallisation on rubbing with methyl alcohol. The whole 
was extracted with pure ether, the ethereal solution carefully 
washed, dried over potassium carbonate, concentrated, and left in 
the ice-chest in a corked flask. For some days nothing separated, 
and then gradually splendid hard, colourlesf?, brilliant prisms began 
to form, and increased considerably during three weeks: 

0T1O6 gave 0-2890 CO2 and 0'0730 II fi. C = 71-2; H=7*3. 

0'1215 „ 0'3191 CO2 „ 0-0803 HgO. 0=71*5; H = 7-4. 

C23H27O4N requires C=7T5; H = 7*3 per cent. 

Bihydraisoanhydrodihydroinethylcryptoj/ine melts at 75 — 77°, 
ind is very readily soluble in the usual solvents. The crystals have 
been examined by Miss M. W. Porter, with the following results: 

Pro, 2. 
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jThe substance is mouoclinic with axial ratios a;6:c= 0-6667:1; 
06899, j3=99'’34'. The iorms observed are: o(lOO), i(210), 
j(Oll), s(212), i(232), k)(I 21), and, very rarely, 6(010), which 
accordingly is not shown in Fig. 2. Three crystals were measured 
on the twoAarcle goniometer, and the mean measured and calcu- 
lated results are given below; 



■W/". nt 

<h (Azimutii). 

p (Polar distance). 

F&ce. 

ISO. Oi 
readings. 

Obs. 

Gale. 

Obs. 

Galo, 

a (100) 

6 

90" 9' 

90" 0' 

90“ 0' 

90" 0' 

6 (010) 

1 

359 29 

0 0 

90 0 

90 0 

1 (210) 

7 

’71 60 

— 

90 0 

90 0 

9 (Oil) 

3 

’13 43 

— 

’36 23 

■ — 

s (212) 

2 

292 0 

291 32 

42 57 

42 13 

t (232) 

6 

320 1 

319 49 

53 10 

63 33 

«>(J21) 

4 

329 10 

327 39 

58 47 

58 31 

fke salts 

of this base are v 

ery readily soluble in water and show 


little tendency to crystallise. The pUitinichloriile was obtained as 
a pale salmon, chalky precipitate on adding platinic chloride to 
the dilute solution of the hydrochloride: 

0T171 gave 0'1981 COj and O'OSIS H^O. C=46-2; H=4'9. 
0-2028 „ 0-0339 Pt. Pt=16-7. 

(C 22 H 2 j 04 N)j,Il 2 PtClg requires C=46-0 ; H,=4-9 ; Pt= 16-9 per cent. 
The solution of a crystal of the base in glacial acetic acid gives, 
with sulphuric acid, a feeble brown coloration, and the addition ot 
a drop of dilute nitric acid changes this to infense port wine. The 
inethosulphate is obtained by adding methyl sulphate (1 c.e.) to 
the solution ot the base (1 gram) in benzene (5 c.c.), when there 
is distinct rise of temperature and a synup separates, which gradu- 
ally crystallises, especially when triturated with ether. This sub- 
.stance is so readily soluble and so badly characterised that no 
attempt was made to purify it for the purpose of analysis. Its 
aqueous solution gives no precipitate on the addition of ammonia. 


/\/ 


CH, 




OH, 


\ 


D ihytl ro-o-isocrypf opidof (947) , 


'HlCHj 

This unsatisfactory substance is obtained from, the methosulphate 
ot dihydroisoaiihydrodihydromethylcryptopine by the action of 
methyl-alcoholic potassium hydroxide, trimethylamine being 
eliminated. 
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The methosulphate (3 grams), dissolved in a little methyl alcohol, 
was digested with methyl-alcoholic potassium hydroxide (30 c.l 
of 25 per cent.) in an open flask heated just to boiling by means 
of a salt-solution bath for an hour, the temperature then being 
raised so that most of the methyl alcohol distilled away and there 
was no further development of trimethylamine. The residue was 
mixed with water, the viscid precipitate dissolved in methyl alcohol, 
mixed with much ether, and the ethereal solution washed with 
water until quite free from methyl alcohol. After drying over 
potassium carbonate and concentrating to a small bulk, nothing 
separated on keeping in the ice-chest for three weeks. The solu- 
tion was therefore evaporated, when a colourless syrup remained 
which gradually crystallised, and the buttery mass was left in con- 
tact with porous porcelain until dry, but owing to the fact that 
the substance is so unusually readily soluble in the ordinary 
solvents and exhibits so little tendency to crystallise, no further 
puriJlcation was possible. After remaining over phosphoric oxide in 
a vacuum desiccator for a week, the following results were obtained 
oQ analysis : 

0-1255 gave 0-3201 COg and 0-0798 HgO. 0 = 69-6; H = 6-8. 

C2oH220g requires 0=70 *2; H = 6-4 per cent. 

This result, coupled with its method of formation, clearly 
indicates that this substance is dfAydro-a-isocryptopidol. 

III (c), DihffJroonh/droUtrahydromefhi/i crypt opine, 

\ 

■ /\/ 

CH, Me 

CH, 

Y 

As explained on p. 725, this substance is obtained when the 
methosulphat© either of tetrahydroanhydrowocryptopine (m. p. 
138°, p, 752) or dihydroanhydrodihydrocryptopine (d) (m. p. 
164°, p. 755) is reduced in alkaline solution by sodium amalgam. 

(i) Reduction of the Methosulphate of Tetradiydroanhydroho- 
cryptopine. 

The solution of this substance (3 grams) in hot water (160 c.c.) 
is reduced only with considerable difficulty by sodium amalgam 
(150 grams of 3 per cent.) even on the steam-bath, but a colour- 
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Icvss oil gradually separate. After the action had proceeded for 
two hours, the product was left in the ice-chest, when the oil 
solidified. The mass was well washed and dissolved in hot dilute 
hydrochloric acid, when, on cooling to 0° and rubbing, the hydro- 
chloride separated as a voluminous mass of needles. This salt, 
which is very ^aringly soluble in dilute hydrochloric acid, but 
readily so in water, was collected, washed with dilute hydrochloric 
acid, the cold aqueous solution mixed with ammonia, and the milky 
liquid extracted with ether. The ethereal solution, dried over 
potassium carbonate and concentrated, did not yield any crystals 
on remaining in the ice-chest for a week, but on evaporating ofi 
the ether, the residual, colourless syrup suddenly crystallised in 
balls of needles, After leaving in contact with porous porcelain 
until traces of oily impurity had been absorbed, the colourless, 
crystalline residue was dissolved in methyl alcohol, in which it is 
very readily soluble, and the solution allowed to concentrate nearly 
to dryness over sulphuric acid in a vacuum desiccator. The mass 
of plates which separated was drained on porous porcelain and 
recrystallised from a very small quantity of light petroleum, in 
which the base is very readily soluble. 


(ii) HeducHon of the Methosulphate of Dihydroanhydrodilxydro- 
cryptopine (.4). 

This process was carried out exactly as described under (i), when 
it was noticed that in the present case the oily base began to 
separate the moment the hot aqueous solution of the methosulphate 
was poured on the crushed sodium amalgam. The method of 
extraction and purification were the same as those described 
under (i). 

The careful examination of the bases obtained from (i) and (ii) 
showed that both consisted of dikydroanhydrotetrahydromethyl- 
cryptopine, since both preparations melted at 60 — 63°, and the 
mixture also melted at this temperature. The two analyses were 
made with specimens prepared according to (i) and (ii) 
respectively : 

(i) 0-1126 gave 0-2935 COg and 0-0798 H^O. C-71'1 ; H-7-9. 

(ii) 0-1185 „ 0-3077 CX)2 „ 0*0813 HgO. C-70-9; H = 7-9. 

Co 2 H 2 gO^N requires C— 71-1; H=7'8 per cent. 

This base is characterised by its ready solubility in the usual 
organic solvents; the salts are readily soluble in water, but spar- 
ingly so in dilute acids, and generally crystallise well. 

The hydrochlo}‘ide, described above, is almost insoluble in cold 
dilute hydrochloric acid, and melts at 213°. It is very readily 
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soluble in warm glacial acetic acid, and also iir boiling methyl 
alcohol, and separates from the latter in groups of needles. The 
addition of potassium iodide to the boiling methyl-alcoholic solu- 
tion of the hydrochloride gives a clear liquid, from which the hydr- 
iodide separates in stars of needles. It is comparatively readily 
soluble in boiling methyl alcohol, crystallises well, and melts at 
about 212°. The nitrate separates from dilute nitric acid, in 
which it is very sparingly soluble, as a felted mass of long hairs. 
The solution of a crystal of the base in a drop of acetic acid gives 
scarcely any coloration with concentrated sulphuric acid, but the 
addition of a drop of dilute nitric acid produces an intense brown, 
changing to deep chevry-red. 


dihydroanhydrotetrnlufdromethyhrifptopme Mr.thomlphaie, 

This well-characterised derivative separates in needles when the 
solution of the base (2 grams) in benzene (20 c.c.) is mixed with 
lethyl sulphate (2 c.c.). It was collected, washed with benzene, 
nd dried in the steam-oven, when the glistening crystals became 
paque and chalky; 

0'1210 gave 0*2577 CO.y and 0*0747 H^-O. C=58*0; H = 6*9. 

C.2.2H2904N,Me.2304 requires C=57*9; H = 7'0 per cent. 

This methosulphate melts at 165 — 167°, without evolution of 
;as, to a colourless syrup, and is readily soluble in methyl alcohol 
ir water. 

The boiling aqueous solution gives, on the addition of potassium 
;roniide, a milky liquid, from which the methobromide gradually 
;eparates in long, well-developed, four-sided, prismatic needles with 
hi ends. 

The methiodide is obtained by adding boiling dilute potassium 
iodide to the boiling dilute aqueous solution of the methosulphate, 
when the clear solution, on rubbing, deposits tufte of needles: 

0T158 gave 0-2386 CO, and 0-0657 H=:6-2. 

CggHsoO^NjMel requires C=53-8; H = 6'2 per cent. 

The dry substance is a satiny mass which darkens at about 250° 
melts at about 240° with very little decomposition. 



762 


PERKUT: CRYPTOPmR. PART H. 


CHjMe 

Bihydrocrypiojndtntt OHg 

\/ 

I 

/\ch:cHj 

This fine substance is obtained when the methosulphate of 
dihydroanhydrotetrahydromethylcryptopine is decomposed by 
methyl-alcoholic potassium hydroxide. The methosulphate 
(1 gram) dissolves readily in warm methyl-alcoholic potassium 
hydroxide (10 c.c, of 20 per cent.), and trimethylamine is readily 
eliminated. After boiling for fifteen minutes, the bulk of the 
methyl alcohol was distilled off, during which the liquid clouded, 
and, on adding water, a milky liquid was obtained, which was 
extracted with much ether. The ethereal solution was thoroughly 
washed, dried over anhydrous potassium carbonate, and rapidly 
filtered, when the new substance began to separate immediately 
as a voluminous mass of soft needles, and a further quantity was 
obtained from the concentrated ethereal solution. For analysis, 
the substance was recrystallised from ether : 

0 1083 gave 0-2932 CO 2 and 0*0673 H^O. 0=73*8; H:=6-9. 

C 20 H 22 O 4 requires 0=73*6; H=6-7 per cent. 

Dihydfocryptojndene melts at 126 — 128®, or almost at the same 
temperature as cryptopidene (m. p. 124®; compare 926), but the 
mixture of the two substances softens at 105® and is almost com- 
pletely melted at 108®, so that there can be no question of identity. 
Moreover, the ethereal solution of dihydrocryptopidene exhibits to 
only a very slight degree the beautiful lilac fluorescence so charac- 
teristic of cryptopidene. Dihydrocryptopidene is unusually spar- 
ingly soluble even in boiling methyl alwbol, and separates as a 
voluminous, woolly mass of needles which fill the entire liquid, 
The solution of the substance in acetic acid is coloured at first pale 
brown and then deep cherry-red by sulphuric acid, and a drop of 
dilute nitric acid changes the colour to intense brown. 
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jCetodihydroeryptopidene (I) and Dihydrocryptopidenio Acid (II), 


/\/ 

CO Me 

I 

CH, 

Y 

/\oh:oh, 

(I-) 


and 




/\/ 

CH,Me 

CH, 


YcOjH 

(TI.) 


These interesting substances are produced when dihydrocrypto- 
pidene is oxi4ised in acetone solution with permanganate. The 
substance (2 grains), dissolved in acetone (150 c.c.), was gradually 
mixed with finely divided permanganate (3 grams) at the ordinary 
temperature, when, contrary to expectation, oxidation took place 
rapidly and with the development of so much heat that cooling 
was necessary in order to keep the temperature below 15*^. The 
product was filtered, the manganese precipitate (A) washed 
thoroughly with acetone, and the acetone distilled off, when an 
almost colourless syrup (0’9 gram) remained, which immediately 
commenced to crystallise, and crystallisation was much hastened 
by triturating with methyl alcohol. The product was several times 
iftcrystallised from methyl alcohol in order to remove traces of 
iinoxidised dihydrocryptopidene: 

0T151 gave 0-2987 COj and 0-0647 H 2 O. 0=70-8; H = 6*2. 

requires 0 = 70-6; H = 5-9 per cent. 

Ketodihydrocryptopidene melts at about 116*^, but this melting 
point is probably not quite accurate, owing to the difficulty of 
removing the last traces of dihydrocryptopidene. It is characterised 
by the intense purple coloration which a trace, dissolved in a drop 
of acetic acid, yields on mixing with much sulphuric acid, and this 
colour changes to brown on the addition of a drop of dilute nitric 
acid. When concentrated nitric acid is poured on a trace of tile 
substance rubbed on a watch-glass, a blue solution is produced, 
and, on warming, a dark green mass separates. Ketodihydro- 
cryptopidene does not yield an acetyl derivative when it is boiled 
with acetic anhydride and anhydrous sodium acetate, since the 
unchanged substance separates on the addition of water. 

The Semicarhoizone . — ^This derivative was prepared by boiling 
the alcoholic solution of crude dihydrocryptopidene (as directly 
obtained from the oxidation of dihydrocryptopidene) with a large 
excess of a concentrated aqueous solution of semicarbazide acetate 
for an hour. 
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On the addition of water, a caseous mass was precipitated, 
was separated into the semlcarbazone and dihydrocryptopidene bj 
recrystallisation from methyl alcohol. The semicarbazone is 
sparingly soluble in methyl alcohol, and crystallises as a voluminous 
mass of needles melting at about 185 — 190° ; 

0'1509 gave 13‘2 c.c. Ng at 12® and 766 mm. N=10‘2. 

0211123051 ^^ requires N = ]0‘6 per cent. 

Dihydrocryptopdenic Acid. — The manganese precipitate 
see above) from the oxidation of dihydrocryptopidene was extracted 
with boiling water, the brown extract boiled with animal charcoal, 
and acidified, when a viscid acid separated, which gradually 
hardened and immediately became crystalline on rubbing with 
glacial acetic acid. This was collected, drained on porous porce- 
lain, and dissolved in boiling glacial acetic acid, from which the 
new acid separated in long, prismatic needles. 

The recrystallised acid yielded the following analytical results: 

0'1045 gave 0-2522 CO. and 0*0572 H.O. C-65*8; H = 6 *l. 

0-1142 „ 0-2777 CO. „ 0-0627 HgO. C=66-2; H = 6 -l. 

CigHjyOg requires C-66-3; H=5-8 per cent. 

Dihydrocry 'ptojtidenic add melts at 194 — 195®, and is sparingly 
soluble in cold methyl alcohol, but dissolves more readily on boil- 
ing, and crystallises in stars of slender needles; it is almost in- 
soluble in cold water. The solution in glacial acetic acid gives, 
with sulphuric acid, an olive-brown coloration, which becomes 
redder on the addition of a drop of dilute nitric acid. "When con- 
centrated sulphuric acid is poured on a trace of the acid rubbed 
on a watch-glass, an intense green colour is produced, which soon 
changes to purplish-brown, and a green precipitate separates on 
the addition of water. Concentrated nitric acid does not give a 
colour reaction with the acid. 

The sodium and potassium salts of the acid are readily soluble 
and give with hydrochloric acid a gelatinous precipitate, which 
only very gradually becomes crystalline. The titration with 
iV/ 10-sodium hydroxide did not give very accurate results, owing 
to the uncertainty of the end-point. In one experiment, 0*308 
neutralised 0*0385 NaOH, whereas this amount of a monobasic 
acid, CjgHajOg, should neutralise 0*0359 NaOH. 

The Anilide^ Ci 8 Hi 904 *C 0 'NH*CgH 5 , — This derivative was pre- 
pared mainly with the object of controlling the composition of the 
acid. The acid was warmed with exc^ of freshly distilled phos- 
phorus trichloride at 60 — 70°, when it dissolved completely and 
with very little discoloration. The excess of the trichloride was 
then distilled ofi under reduced pressure and the residue mixed 
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^ith much dry ether and excess of aniline. The ethereal solution 
washed with very dilute hydrochloric acidj then with water, 
and the ether evaporated, when a crystalline residue was obtained 
which was digested with dilute ammonia in order to remove any 
traces of unchanged acid. Finally, the anilide was recrystallised 
from glacial acetic acid, from which it separated in glistening 
needles melting at about 185°: 

01128 gave 0-2953 COj and 0 0597 H^O. C=71-4; H=5-9. 

C 25 H 25 O 5 N requires C = 71-6; H = 6 0 per cent. 


Section IV. 

The Quaternary Salts of ^-Cryptopine. 

During the course of this investigation, it has been necessary on 
several occasions to make a close comparison of certain quaternary 
salts, thought to be new, with the corresponding quaternary salts 
of ^-cryptopine, and this has necessitated a more accurate charac- 
terisation of the latter than had been made in Part I. of this 
research (984). 

The following is a brief account of the principal properties of 
these interesting salts. 

I 

/\/ 

OH 'h 

^’Cryptopine Chloride, || | ^ 

C NMeCl . 

V ,/ 

The formation of this salt from anhydrocryptopine methosulpliate 
by boiling witli concentrated hydrochloric acid hag already been 
described (984), but the method of preparation there recommended 
may be simplified in the following manner. Anhydrocryptopine 
raethosulphate (10 grains) is mixed in a small flask with concen- 
trated hydrochloric acid (20 c.c.), gently warmed until solution is 
complete, and the whole boiled for five minutes in such a way 
that about a third of the hydrochloric acid escapes; the pale brown 
syrup is then mixed with two volumes of boiling water. On 
remaining in the ice-chest, the liquid becomes filled with needles 
of ^-cryptopine chloride, which is collected, washed with dilute 
hydrochloric acid, and recrystallised from this solvent. The yield 
is about 60 per cent, of that theoretically possible, and a further 
^all quantity may be obtained by allowing the brown mother 
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liguor to concentrAte over solid potassium hydroxide in a vaouiuu 
desiccator. The remaining mother liquor contains a considerable 
quantity of quaternary salt, the nature of which has not been 
established. When i//-cryptopine chloride is dried at 100° until 
it has lost its water of crystallisation, the residue is much dis- 
coloured and sometimes brick-red; there was therefore a possi- 
bility that the original analysis of the anhydrous chloride was un- 
trustworthy. Further analyses leave, however, no doubt that the 
chloride has the formula CjiHjjOiNCl originally assigned to it, 
and this is confirmed by the analyses of the iodide, CjiHajOjM, 
the bromide, CjiHsoOjNBr, and the platinichloride, 

(C21H22O4N )2P ■ 

In order to determine the actual composition of the crystallised 
chloride, two specimens were repeatedly crystallised from dilute 
hydrochloric acid and left on watch-glasses in the dark until tie 
weight was constant. The substance melted at 117—120° witl 
evolution of steam, solidified again, and then melted at about 

150 152°, with evolution of gas, to an orange-red froth. The 

determination of the water of crystallisation was made by drying 
in the steam-oven in the case of (a) and (5), and the analysis (c) 
was done with substance which had been dried over phosphoric 
oxide in a vacuum desiccator, when the whole of the water was 
thereby removed with scarcely any discoloration : 

(a) 0'1389 lost 0-0290. HjO=20-9. 

(b) 0-8106 „ 0-1628. H 20 = 21 -l. 

(c) 0-1099 gave 0-2611 COj and 0-0593 HjO. C!=64-6; H=6-0. 

CjiHssOiNCl.OHjO contains H 20 = 21-7 per cent. 

C 21 H 22 O 4 NCI requires C=65-0; H=5-7 per cent. 

Dry ^-cryptopine chloride crystallises from anhydrous methyl 
alcohol, in which it is readily soluble, in clusters of needles which, 
when heated at 100 °, become opaque, and the anhydrous residus 
darkens at 190°, is very dark at 205°, and melts at 210° with 
effervescence to a black froth : 

0-1048 gave 0-2498 CO^ and 0 0556 H^O. C = 65-0; H = 5-9. 

C^iHjjOjNa requires 0=65 0; H = 5-7 per cent. 

In addition to the remarkable colour changes already recorded 
(985), it may be mentioned that the solution of ^-cryptopine 
chloride in dilute sulphuric acid gives a reddish-violet on dusting 
in finely divided manganese dioxide, and an intense cherry-red 
develops on boiling. 

A series of experiments on the action of dilute hydrochloric acid 
on anhydrocryptopine methosulphate was made with the object 0 
determining whether this substance would- behave towards dilute 
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acids in a manner similar to that whicli leads, under these con- 
ditiana, to. the formation of the hydroxp^oaniydrodihjdrocijpto- 
piues from anhydrocryptopine itself (994). 

The unexpected result was, however, obtained that, even when 
boiled with dilute hydrochloric add, anhydrocryptopine metho- 
gulphate loses an il^-methyl group and yields ^-cryptopine chloride. 
Xhus the methosulphate (2 grams), heated on the steam-bath for 
forty minutes with concentrated hydrochloric acid (2 c.c.) and 
water (5 c.c.), giv^ a deep yellow solution. On keeping in the ice- 
chest, this deposits a mass of needles which, on examination and 
analysis, proved to be i/f-cryptopine chloride. 

ifi'CryptojniH Bromide, CgiHggO^NBr. — In preparing this charac- 
teristic salt, carefully purified ^-cryptopine chloride, dissolved in 
boiling water, was mixed with a large excess of boiling potassium 
bromide, when a clear solution resulted, from which microscopic 
needles soon separated. The bromide was collected, recrystallised 
from dilute potassium bromide, and then once from water. The 
air-dry salt contains apparently SH^O, all of which is lost at 95° : 
Odiea, heated at 95°, lost 0-0204. 

0-1165 gave 0*2476 CO2 and 0-0533 H^O. C=58-0; H = 5-l. 

C2iH2204NBr,5H20 contains H20=17-2, and C2jH2204NBr 
requires 0=58*3 and H=5-l per cent. 

This bromide existe in well-defined, dimorphic forms. The 
needles {A) from water, dried at 90°, melt with decomposition at 
about 130 — 135°; solidification then takes place, and the next 
melting point observed is about 230° with effervescence to a 
reddish-brown froth. When the anhydrous substance (^) is boiled 
mth. ethyl or methyl alcohol, it dissolves, and the solution now 
dejjosits well-developed prisms (B), which become opaque in the 
steam-oven. 

The modification (3) melts at about 245° with vigorous efferves- 
cence to a reddish-brown froth, and crystallises particularly well 
from glacial acetic acid as a mass of glistening, sulphur-yellow 
prisms, which Mr. T. V. Barker has described as follows. The 
macroscopic crystals are strongly doubly refracting, stout, 
rectangular prisms with straight extinction. In convergent light, 
an optic axis nearly central. When crystallisation is rapid, there 
is a marked tendency to form lenticular crystals having diagonal 
extinction. The modification (A) becomes slate-coloured on ex- 
poaure to light, and is comparatively readily soluble in bqiling 
water, yielding a nearly colourless solution which gelatinises on 
rapid cooling. Modification (B) is sparingly soluble in hot water, 
and becomes deep salmon on exposure to light. Both modifications 
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give the remarkable colour reactions which have been described in 
detail in the case of the corresponding chloride (985). 

’^-Cryptopine Iodide, <^jH2204NI. — ^This substance has been 
described (984) as a glistening mass of scales melting at 232 — 235°. 

During the preparation of larger quantities, it was observed that 
this iodide exists in dimorphic modifications (d.) and (B), melting 
at 225 — 227° and 240 — 242° respectively. When a hot solution 
of ^-cryptopine chloride is mixed with hot dilute potassium iodide, 
a heavy, crystalline precipitate separates, which becomes brick-red 
at 220°, melts at 232 — 235°, and consists of modification (d). p 
may be recrystallised from methyl alcohol, if the operation is 
rapidly carried out, and is obtained in flat, prismatic needles. 
When, however, it is boiled for a considerable time with methyl 
alcohol insufficient completely to dissolve it, the needles gradually 
give place to short, well-defined prisms which are exceedingly 
sparingly soluble even in boiling methyl alcohol, melt at 240 — 242°, 
and consist of modification (B). This modification is also sparingly 
soluble in boiling glacial acetic acid, and separates in iridescent, 
yellow scales resembling lead iodide, and these, under the micro- 
scope, are seen to consist of flat prisms with truncated ends. 

<l/-Cryptoj»ne Hydrogen Svlphate, C2iH2204N,HS0j. — This 
quaternary salt is obtained when anhydrocryptopine methosulphate 
(5 grams), dissolved in water (13 c.o.) and sulphuric acid (2 c.c.), 
is heated for two hours on the steam-bath. On remaining in the 
ice-chest, the deep yellow solution deposits a crystalline mass which, 
under the microscope, is seen to consist of warts and to be quite 
homogeneous. 

This was collected, recrystallised from dilute sulphuric acid, in 
which it is rather sparingly soluble, washed twice with a little 
water, and drained on porous porcelain. It was then recrystallised 
from a little water and dried in the steam-oven ; 

01116 gave 0-3315 CO^ and 0-0530 HjO. C=56-5; H=5-3. 

C2 iH 2204N,HS04 requires C=56-l; H-5’1 per cent. 

tji-Gryptopine hydrogen svlphate becomes yellow at 180°, deep 
yellow at 200°, and decomposes at about 215 — 220° to an orange- 
red troth. 

It exhibits in a very striking manner the characteristic colour 
reactions described in detail in the case of i/i-cryptopine chloride 
(985). The relationship of the sulphate to the latter is also 
evidenced by the fact that; on precipitation with potassium 
iodide, both yield the {A) and (B) modifications of ^-cryptopine 
iodide (see above). A rather concentrated solution of the sulphate 
gives, on the addition of dilute nitric acid, an immediate chalky 
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precipitate of tlie nitrate; this dissolves on warming and separates 
in a highly characteristic manner, namely, as an iridescent mass 
which, under the microscope, is seen to consist of thin, lenticular 
or boatrshaped plates. 

Section IV (a). The Reduction of ^-Cryptopine Chloride in 
Alkaline Solution: Formation of ^-Anhydrodihydrocryptopine 
(/l) (841), 


II 

CH mu . 

Y/ 

YYcH-Me 

When ^-cryptopine chloride (2 grams),* dissolved in water 
(100 c.c.) and rendered slightly alkaline by the addition of sodium 
hydroxide, is placed on crushed sodium amalgam (50 grams of 
i per cent.) and the whole heated on the steam-bath, a viscid base 
soon commences to separate, which gradually crystallises and 
ultimately becomes quite hard. When the separation was com- 
plete, the base was collected, thoroughly washed, dissolved in 
methyl alcohol, mixed with much ether, and the solution washed 
until free from methyl alcohol, during which a small quantity of 
aglimy, quaternary salt separated, which was not examined. After 
filtering and drying over potassium carbonate, the claret-coloured 
jolution was concentrated considerably and left in the ice-chest, 
»hen a thick crust of pale brown prisms gradually separated, which 
were collected and washed with ether. The mother liquor was 
evaporated, and the residual purplish-brown syrup mixed with 
cetliyl alcohol and nucleated with a crystal from the first crop, 
when it immediately began to crystallise, and, aftsr collecting and 
washing with a little methyl alcohol, a conaderable pale brown, 
crystalline mass remained. The combined crops were recrystallised 
from methyl alcohol, from w^hich the new substance separates 
splendidly in short, glistening needles growing to stout prisms : 

0-1240 gave 0-3255 CO 2 and 0-0728 H^O. C=71‘5; ^=6-5. 

requires C = 7r4; IT — 6-5 per cent. 

Not more than 2 grams ahoxdd be employed and the experiment should 
te conducted as rapidly as possible, otherwise the product will be very dark 
floured owing to the formation of a black base due to the action of the alkali 
on fcryptopine chloride (985). 
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Tke prisms have been measured by Mr. T. V. Barker. 

The platy crystals of this substance belong to the monodinic 
system. Crystallographic constante: 21°3^ ff(73'^13/)m(16‘^47^)6, 
43°13^, 74^18', or, alternatively, a\h\ c=3’446:l:2’598, 

jB = 105'^42^ The habit of the crystals is shown in Fig. 3, the 
observed forms being o(lOO), c(OOl), r(T01), o'(lll), and o(lll). 
Two crystals were measured on the two-circle gonioraeter, with the 
following results : 

a(lOO). c{0ai). r(I01). o'(iU). o(lll). 

Azimuth Face of 90“ 0' 90“ 0' *21“ 3' 21®17' (2P3') 

Polar distance reference *74 18 *116 40 100 18(100*14') 69 29 (69 4) 

Determinants t 121/151/lOT. Complex-symbol : 34 j — 1/69^— 9|. 

Optically, the extinction on n(lOO) is parallel with the edge oc. 
In converg'ent light, a wide biaxial figure is visible through a, 
indicating the symmetry plane as plane of the optic axes. 


Fig. 3. 



r^-Anhydrodihydrocryplophie (.1) melts at 112°, and is very 
readily soluble in benzene, ether, or acetone, but sparingly so in 
light petroleum. 

The solution of a trace in a drop of acetic acid gives, with 
sulphuric acid, a deep orairge-red coloration, and the addition of a 
drop of dilute nitric acid changes this to crimson, which becomes 
more intense on warming. A trace rubbed on a watch-glass is 
coloured deep brown by concentrated nitric acid. The hydro- 
chloride and sulphate of the base are readily soluble and exhibit 
little tendency to crystallise, but the nitrate is characteristic. This 
salt is obtained, when the base is rubbed with dilute nitric acid, as 
a crystalline mass very sparingly soluble in cold dilute nitric acid, 
it dissolves, however, on wanning and separates in stars of long, 
thin plates. The sparing solubility and tendency to crystallise of 
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tiig salt have been made use of, with success, in purifying dark' 
(floured specimens of the crude base. The solution of the sulphate 
gives, on the addition of potassium iodide, a milky liquid, from 
■which the iodide separates on rubbing, and crystallises from water, 
in which it is rather readily soluble, in six-sided prisms. 

The Methosulphate, CgjH^aO^NjMe^SO^. — ^The solution of 
i|(-anhydrodihydrocryptopin6 (4) (2 grams) in warm benzene reacts 
readily with methyl sulphate (2 c.c.) with considerable rise of 
temperature, and, if a crystal of the metbosulphate is introduced 
and the whole allowed to remain in the ice-chest, a hard crust of 
nodules separates. If a crystal is' not available, the metbosulphate 
generally separates as a syrup, which, however, after washing with 
ether and stirring with ether, rapidly crystallises. For analysis,^ 
the substance was recrystallised from water, in which it is readily 
foliible; it separates in groups of short, prismatic needles: 

0-1177 gave 0'2460 COg and 0-0646 H2O. C=67-l; H = 6-]. 

CgiHggOjN, 1162804 requires 0=57*6; H=6’l per cent. 

^.Anhydrodihydrocr^ptopine (A) metkosulphafe melts at 
115—180° with some effervescence, but without darkening; the 
solution of a trace in acetic acid gives with sulphuric acid a deep 
burnt sienna coloration, becoming intense permanganate on the 
addition of a drop of dilute nitric acid. It is readily soluble in 
tot methyl alcohol, and when boiled with methyl-alcobolic 
potassium hydroxide, the solution becomes deep violet, especially 
where it comes in contact with the air; the colour then changes 
to Miiish-violet, then to sage-greeu ; the addition of hydrochloric 
acid destroys the green colour and yields a clear, burnt sienna 
olntion. 

The Methiodide, C2iHo..;04N,MeI. — ^The addition of hot dilute 
potJiRsium iodide to the hot dilute solution of the metbosulphate 
results in a clear solution, from which the metbiodide immediately 
ijegins to separate in well-developed, six-sided prisms with bevelled 
edges : 

01172 gave 0-2315 COg and 0-0602 HgO. C:-53-9; H=5-T. 

C2jH2304N,MeI requires .C=53'3; H=^5-3 per cent. 

^■Anhydrodihydrocryptopine methiodide is sparingly soluble in 
toiling methyl alcohol, and separates in long, prismatic needles 
iidiating from a centre. It melts at 197 — 200°, with vigorous 
^ervescence to a yellow froth. 

Ondation of ^-Anhydrodihydrocryptopine (A). — When this base 
(2 grams) was treated in acetone solution with powdered per- 
J^nganate (2-5 grams), it was noticed that oxidation was slow, 
on working up the product, about half the substance was 
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recovered unchanged. The aqueous extract from the manganese 
precipitate yielded, on concentrating and acidifying, a small 
quantity of a highly coloured acid resembling amorphous phos- 
phorus, and this did not appear to contain any 5 : S-methylene- 
dioxy-o-toluic acid (compare p. 728). 


«/r - Ory‘ptopide n e , 


ne I 

I // ' 

/^CHMe 


This characteristic substance is produced directly from ^-anhydro- 
dihydrocryptopine (4) methosulphate by reduction with sodium 
amalgam in faintly alkaline solntion. The methosulphate 
(8 grams), dissolved in hot water (200 c.c.), was poured on crushed 
sodium amalgam (150 grams of 3 per cent.) in a flat basin, when, 
on heating on the steam-bath, there was an immediate odour of 
climethylamine, and a crystalline scum began to rise to the surface. 
After about halt an hour, there was no further separation; tie 
whole was therefore filtered, and the colourless, crystalline residue 
washed and reorystallised from methyl alcohol. The yield appeared 
to be almost that theoretically possible: 

0'1121 gave 0-3052 CO. and 0-0628 H 2 O. C=74-2; H=6-2. 

CjoHojOj requires C=74-l; H = 6-2 per cent. 
41 -Cr^ptopidene melts at 142 — 144°, and cannot be identical witt 
j«o-^-cryptopidene (m. p. 152°, p. 776), since the mixture of the 
two substances melts at about 130 — 132° with previous softening. 
It is sparingly soluble in cold methyl alcohol, but dissolves more 
readily on boiling, and separates in groups of nearly colourless, 
glistening needles. It dissolves readily in boiling alcohol, benzene, 
acetone, or acetic acid, but is sparingly soluble in ether or light 
petroleum. It crystallises well from light petroleum in sixrsided 
plates, and from acetone or dilute acetic acid in needles. The 
solution of a trace in acetic acid gives, -with sulphuric acid, a burnt 
sienna coloration -which, on the addition of a drop of dilute nifrie 
acid, becomes deep bro-wn. Concentrated nitric acid dissolves the 
substance to a deep brown solution, which gradually fades. A 
crystal of the substance dissolved in acetic acid gives, with man- 
ganese dioxide and dilute sulphuric acid, an intense brown solution, 
i)i-Cryptopidene does not appear to he reduced when its solution 
ill boiling alcohol is treated with sodium (compare p. 745). 

Oxidation of ^-Cryplopidene . — ^In this experiment, the substance 
(3-6 grams), dissolved in acetone (200 c.c.), was oxidised by the 
gradual addition of finely powdered permanganate (5 grams) at 
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tbe ordinary temperature. The product was filtered, and the man- 
ganese precipitate, after thoroughly washing with acetone, 
extracted with boiling water. The brown, alkaline extract was 
nearly neutralised, boiled with animal charcoal, concentrated, and 
acidified, when an acid (0-5 gram) separated which crystallised 
from acetic acid in needles, melted at 214—216°, and was recog- 
nised as 5 : 6-methylenedioxy-o-tolnic acid (916)., The acetone 
extract from the oxidation yielded, on evaporation, a syrupy mass 
(2'9 grams), which, when rubbed with methyl alcohol, immediately 
crystallised. After filtering and leaving in contact with porous 
porcelain, the yellow mass was once crystallised from methyl 
alcohol, when it separated in pale yellow needles melting at about 
128°. On careful fractional crystallisation from methyl alcohol, 
three distinct kinds of crystals were observed; these were mechanic- 
ally separated, and each kind was recrystallised. The three con- 
stituents were found to be (i) unchanged ^-cryptopidene melting 
at 140—142°; dioxy-iji-cryploj^ene, Ca,HisOe, melting at 
138-140° and crystallising in light, woolly balls; trioxy-ip- 
(jfyftopidenej C 2 oH^Or, melting at 165° and crystallising in bard, 
single, sulphur-yellow prismatic needles. 

The analysis of dioxy-ijr-cryplopidene yielded the following 
results : 

01071 gave 0'2640 COj and 0'0481 HjO. C = 67-2; H = 5-2. 

^ 20 ^ 18^6 rec^uires 0 = 67*8; H=5*l per cent. 

The solution of a trace of this substance in acetic acid gives with 
sulphuric acid an intense brown coloration, becoming purplish- 
brown and then cherry-red on the addition of a drop of dilute 
litric acid. It reacts readily when its solution in methyl alcohol 
I boiled with Excess of semicarbazide hydrochloride and sodium 
icetate, aud a crystalline precipitate of the setnicathazonc separates 
diich is very sparingly soluble in methyl alcohol. 

Found; N'=ll*3. 

requires N = 10'2 per cent. 

The behaviour of dioxy-^-cryptopidene towards alkalis resembles 
ibat of benzoin or benzil. Methyl-alcoholic potassium hydroxide 
ioes not immediately colour the substance, but gradually a reddisb- 
bown develops, and, on warming, this becomes intense reddish- 
bown, then pink, and then gradually fades. 

lie product, diluted with water, yields a pale brown solution, 
ind hydrochloric acid precipitates an amorphous acid which, on 
'arming, becomes crystalline. 

'^nozy-^-cryptopidene (m. p. 165°) yielded the following 
“aljtical results : 
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O'lOTO gave 0'3639 COj and 0 0478 HjO. C=64‘7; H=5 0. 

CjoHijO, requires C=64-9; H=4-9 per cent. 

The acetic acid solution of a trace of this substance is coloured 
yellowish-brown by sulphuric acid, and the addition of a drop of 
dilute nitric acid changes this first to port-wine colour and then 
to intense burnt sienna. It also reacts very readily when its solu- 
tion in boilint methyl alcohol is mixed with excess of a saturated 
aqueous solution of semicarbazide hydrochloride and sodium 
acetate, and a voluminous, rather gelatinous precipitates separates 
which appears to be the disemicarbazone mixed probably with 
some of tie mono-derivative. 

Found; N=:15'7. 

CaHgANs requires N = 9-8; requires N=17-3 per 

cent. 

Trioxy-if-cryptopidene, like the corresponding dioxy-derivative 
(see above), exhibits the benzil reaction in a striking manner. 
He powdered substance is rapidly coloured brown when mixed 
with methyl-alcoholic potassium hydroxide, and dissolves to an 
intense reddish-brown solution, which becomes pink in contact with 
air, and then soon fades, but not completely. The solution of the 
product in water is pale salmon, and yields a brick-red, crystalline 
precipitate on the addition of dilute hydrochloric acid. 

Constitutional formul® which appear to be in harmony with the 
properties of dioxy- and trioxy-^-cryptopidene are suggested on 
p. 729. 


tieclioii IV {h). The lUductiou of Chloride in AM 

Solution: formation of l)ihydro<mh,jdro-<f-eryytopne (I) and 
ko-f-Cryptopidene (II), 


/\/ 

CH Me 


OH— NMe 

Cll-CH, 
(I-) 


and 




OH-OH, 

(H.) 


In studying this curious reduction, .^.-cryptopine cUonde 
(6 grams), dissolved in water (80 c.c.) and concentrated hydro 
chloric acid (15 c.c.), was treated at the boiling temperature 
an enamelled iron basin, with sodium amalgam (200 grams 
per cent.), which was added all at once. The whole was wel 
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during the reduction, and care was taken, by frequently 
adding aniall quantities of hydrochloric acid, that the liquid was 
always strongly acid. During the process, a white, crystalline, 
insoluble substance (i30-^-cry;p^£>pi(^rtc) separated in quantity equal 
to about 8 per cent, of the ^-cryptopine chloride employed ; this 
collected, and its examination is described on p. 776. 

Xhe acid filtrate from this neutral substance wa^ mixed with 
excess of ammonia, when a caseous precipitate separated whirii, 
oD shaking, became chalky, and this was collected, washed, and 
drained on porous porcelain. The nearly colourless mass was dis- 
solved in methyl alcohol and poured into ^ large volume of ether, 
.Then a flocculent precipitate of unchanged ^-cryptopine chloride 
eparated, which was collected and well washed with ether. The 
ale brown bthereal filtrate was washed with water until free from 
Bftthyl alcohol, dried over potassium carbonate, and concentrated 
lo a small bulk, bub nothing separated after remaining in the ice- 
chest for a week. When the ether was evaporated, a syrup 
remained which, over phosphoric oxide in a vacuum desiccator, 
became a friable mass like colophony, and consisted of almost 
pure dihydfoanhydro-t}/-cr^ptopne : 

0 1266 gave 0'3271 COg and 0-0806 H 2 O. C=70-5; H=7-0. 

CgiHgjO^N requires C=71*0; H=7 0 per cent. 

All attempts to obtain this base in a crystalline condition were 
lAsuccessful, and it is fortunate that it yields a characteristic 
mate which separatee as a deep ochreous, amorphous precipitate 
ftben picric acid is added to the aqueous solution of the hydro- 
chloride. This double salt melts under boiling water, and is 
jpariflgly soluble in boiling methyl alcohol, from which it separates 
in deep orange leaflets. After drying in the steam-oven, the sub- 
stance becomes yellow at 110 '^, shrinks at 180*^, and melts at about 
13o— 197° to a reddish-brown syrup; 

O'i021 gave 8'7 c.c. at 13° and 766 mm. N=10'0. 

CgjHggO^NjCgHgOyNg loquires N = 9'6 per cent. 

This picrate was decomposed by ammonia, the base extracted 
'ith ether, the ethereal solution washed, dried over potassium 
wtonate, evaporated, and the syrup left over phosphoric oxide 
in 3 vacuum desiccator until it became a friable resin and the 
wght was constant. The analysis then yielded C=70’9; 
5“7'0, agreeing well with the formula C 21 H 25 O 4 N, which requires 

H=7-0 per cent. 

Oxidation of Dikydrocrnhydro-if/’Cr^ptopiTie, — When the solution 
base (1 gram) in acetone is treated with finely divided per- 
“asganate ( 1*2 grams), oxidation takes place moderately readily 
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The manganese precipitate, after thoroughly washing with 
acetone, yielded on extraction with hot water a deep brown solu- 
tion, from which hydrochloric acid precipitated a dark, resinous 
acid. This was collected, boiled with much water, the extract 
decolorised with animal charcoal, neutralised with sodium 
carbonate, and evaporated to a small bulk. 

On acidifying the nearly colourlees solution, a chalky acid 
separated, which crystallised from acetic acid as a colonrless, satiny 
mass, melted at 214 — 216°, and was recognised as 5 ; G-methylene- 
dioxy-o-toluic acid, CHjiOj'.CsHcMe-COjH (916). The acetone 
solution from the oxidation deposited a syrup on evaporation which 
was only partly solubie in warm dilute hydrochloric acid, but the 
amount was too small for further investigation. 

iso-iji-Gri/plopidene, GjjHjjiO,. — ^The neutral substance formed 
during the reduction of t^-cryptopine chloride (see above) was well 
washed, dried on porous porcelain, and twice recrystallised from 
methyl alcohol : 

0-1047 gave 0-2838 CO^ and 0-0598 HjO. C = 73-9; H=:6-3. 

0-1033 „ 0-2768 COj „ 0-0553 HjO. C=73-8; H = 6-0. 

CsoHjdOj requires C = 74-l; H=6-0 per cent. 

iso-^-Crj/ptopidene melts at 150 — 152°, and is moderately soluble 
in boiling methyl alcohol, from which it crystallises in glistening 
plates resembling benzoic acid. It dissolves readily in benzene, 
but is almost insoluble in light petroleum, and separates, when the 
hot solution in benzene is mixed with light petroleum, in thin, 
rhombic plates. 

It also crystallises well from acetone in almost square plates with 
bevelled edges. It is readily soluble in boiling glacial acetic acid, 
much less so in the cold, and separates splendidly as a satiny mass 
of thin, rectangular plates. The solution of a crystal in a drop 
of acetic acid gives, on the addition of sulphuric acid, a deep brown 
coloration, which becomes much more intense on adding a drop 
of dilute nitric acid. 

A trace of the substance rubbed on a watch-glass dissolves in 
concentrated nitric acid, and the intense indigo-blue coloration 
produced soon changes to brown. The most characteristic reaction 
of the substance is the intense pink colour, changing to brown, 
which develops when finely powdered manganese dioxide and a 
little dilute sulphuric acid is added to the solution in dilute acetic 
acid. »so-^-Cryptopidene does not appear to be readily reduced 
when its solution in boiling alcohol is treated with sodium. 

Oxidation oj ho-f-Cryptopidene to Ketodihydroisa-’I'-cryfto 
pidene. — s’so-^-Cryptopidene is scarcely attacked when its solution 
in acetone is mixed with permanganate at — 10°, and action is 
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rery slow even at the ordinary temperature. In order to study 
this oxidation, the substance {1'4 grams), dissolved in acetone 
(50 C.C.), was, during two days, gradually mixed with very finely 
powdered and sieved permanganate (2 grams). 

The product was filtered, the manganese precipitate thoroughly 
washed with acetone (S), and extracted with boiling water. The 
brown, aqueous solution was decolorised with animal charcoal, con- 
centrated, and acidified, when a small quantity of a solid acid 
separated which crystallised from acetic acid in satiny plates, 
melted at 215 — 217°, and consisted of 5 : 6-methyleuedioxy-o-toluic 
acid (916). 

The acetone solution (B) deposited, on evaporation, a yellow 
syrup, and this yielded, when distilled in a current of steam, a 
iinall quantity of 5 : 6-methylenedioxy-o-tolualdehyde (907), which 
separated from the distillate in needles and melted at 72 — 74°. 
Ihe residue in the steam distillation flask was extracted with 
ether, the ethbrea! solution thoroughly dried over potassium 
carbonate, and evaporated, when a syrup remained, which soon 
crystallised. After remaining in contact with porous porcelain 
until oily impurity had been removed, the almost colourless resi- 
due was fractionally crystallised from methyl alcohol, and thus 
separated into unchanged iiO-^-cryptopidene and a new substance, 
which crystallised in glistening plates, melted at about 135°, and 
consisted of ketodihj/droiao-ili-cryptopidene. Unfortunately, the 
small amount of material available did not allow of the removal 
of the last traces of •so-V'-cryptopidene, so that the melting point 
must be taken as approximate' only : 

0'1102 gave 0'2861 COj and 0-0589 HjO. C = 70-8; H = 5-9. 

CjdHjgOj requires C=70-6; H=5'9 per cent. 

The small remainder of the substance was dissolved in boiling 
methyl alcohol, digested with excess of semicarbazide hydrochloride 
and sodium acetate for two hours, and evaporated to dryness. The 
nearly white residue was washed with water and crystallised from 
alcohol, from which it separated in needles : 

OlOOl gave 0-2348 COa and 0-0522 HaO. C = 64 0; H = 5-9. 

CaiHasOjNj requires C = 63-5; H=5-8 per cent. 

Attempts to hydrolyse this lemicarbazme with a view to obtain- 
ing the pure keto-derivative were unsuccessful, since boiling 'witb 
loncentrated hydrochloric acid converts it into a substance which 
trystallises from methyl alcohol in needles, melts at about 225°, 
and is possibly an indole derivative. A constitutional formula for 
ietodihydroiso-^-cryptopidene is suggested on p. 730. 


'■01.. cxv 


a a 
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Section /F(c). The Reduction 0 / ^-Methylherberinium Chloride: 

Formation of iao-iji-Berberidene and Dthydroanhydro-rli-methyl- 

herhtnTH. 

This reduction was carried out essentially under the conditions 
described in detail in the case of the acid reduction of i^-cryptopins 
chloride (p. 774), 300 grams of 4 per cent, amalgam being 
employed for the reduction of 8 grams of the chloride. During 
the process, a scum separated, which at first was crystalline, but 
later melted to a brown syrup, and, after the product had cooled, 
this was extracted with ether (d), the ethereal solution well 
washed, dried over potassium carbonate, and evaporated, when a 
syrup remained which showed no signs of crystallising. However, 
on rubbing with methyl alcohol, crystallisation soon commenced, 
and, after collecting and washing with methyl alcohol, the pale 
salmon mass was twice recrystallised from this solvent: 

0'U87 gave 0'3207 CO^ and 0-0677 HjO. C = 73-7; H = 6'3. 

0-1195 „ 0-3245 002 „ 0-0687 HjO. 0=74-1 ; H = 6-4. 

CjoHaiOj requires 0=74-1; H= 6-2 per cent. 

iiO-rf-Berberidene melts at 117° and is sparingly soluble in methyl 
alcohol yielding a lilac, fluorescent solution, from which it separates 
in well-developed prismatic needles. It is very readily soluble in 
benzene, but lees so in light petroleum, and separates from the 
mixture of these solvents particularly well in brilliant, elongated 
prisma. It also crystallises well from light petroleum alone or 
from ether, in which it is readily soluble, oi from acetic acid, in 

glistening prisms. . , . , ■ 

A trace of the substance rubbed on the side of a tesUube is 
coloured deep violet, changing to brown by concentrated nitric 

The solution in acetic acid is coloured yellowish-brown on the 
addition of sulphuric acid, and a drop of dilute nitric acid changes 
the colour to an intense reddish-brown. When manganese dioxide 
and a little dilute sulphuric acid are added to the solution in ace e 
acid in the cold, a pink colour gradually develops, and, on warm- 
ing, this changes to brown and then to yellow. The relationship ot 
tso-f berberidene and i«o-;^-cryptopidene is discussed on p. 
and it may be pointed out that the striking similarity m their pm 
perties is doubtless due to their both containing the characteristi 
grouping 
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A 


/\/ 

CH Me 

II OJi 

C 

\/ 

I 


/\/ 

CH,Me 


Dihydroanhydro-^-methylbcrherine, CH — NMe* 

Y/ 

YYch-ch, 


The acid liquors (d) from the reduction of ^-methylberberinium 
chloride, which had been extracted with ether, as already described, 
were made strongly altaline with ammonia, and the turbid liquid 
thoroughly extracted with ether. On evaporation, the ethereal solu- 
tion deposited a syrup, which was only partly soluble in dilute 
hydrochloric acid. 

The whole was warmed with very dilute hydrochloric acid, 
filtered, and the filtrate precipitated with excess of piciic acid, 
when a voluminous, viscid mass separated, which soon hardened. 
This was collected, left on porous porcelain until dry, and recrystal- 
lised from methyl alcohol, from which it separated in orange-red 
balls, and melted at 115 — 120° to an orange-red syrup: 

01108 gave 0-2286 COj and 0-0469 HjO. C=56-l; H = 4-7. 
0-1027 „ 8-6 c.c. at 14° and 756 mm, N=9-8, 

t';iH 2 j 0 jN,C 6 H 307 N 3 requires C=65-5; H=4-7; N=9-S per cent. 

This picrate was decomposed by warming with dilute ammonia, 
the base extracted with ether, the ethereal solution thoroughly 
washed, dried over potassium carbonate, and evaporated, when a 
syrup remained which, over phosphoric oxide in a vacuum desic- 
rator, dried to a friable resin : 

01271 gave 0-3292 COj and 0-0817 HjO. C=70-6; H = 7-l. 

requires C = 7r0; H,=7-0 per cent. 
Dihydroanhydro-fji-methylberherine exhibits little tendency to 
crystallise, but it seems to become crystalline when left in a closed 
tabs in contact with a little methyl alcohol. The hydrochloride is 
’cry readily soluble and gives, on the addition of platinio chloride, 
® ochreous, caseous precipitate of the platinichloride which, on 
Winning, becomes chalky: 


o a 2 ' 
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01217 gave 0 2040 COj and 0 0621 HjO. C=45-7; H=4 >. 

0-2054 „ 0-0351 Pt. Pt=17-1. 

(CaH250,N)j,HjPtCl8 requires C=45-l ; H=4-7 ; Pt= 17-3 per cent. 

The addition of boiling dilute aqueous potassimq. iodide to the 
boiling dilute solution of the hydrochloride gave a milky liquid, 
from which a yellow syrup separated. This dissolved readily in 
methyl alcohol, and the solution, on spontaneous evaporation 
deposited a crystalline mass of the hydriodidt, which was drained 
on porous porcelain, dried in the steam-oven, and analysed ; 

0-1117 gave 0-2141 CO^ and 0-0539 HjO. C=52-2; H=6-3. 

C.iHojOjN.HI requires C=52-2; H=5-4 per cent. 


Section ¥. 


Uerimtives of UoAnKydrocryptoyme, \/ 

/~ 


CH, I 

I /\/ 

CH-C L 

I! r 

C NMe 


The woanhydrocryptopine required for these experiments was 
prepared by the method already given (1002), and certain direct 
derivatives of this substance, not previously described, were 
obtained during the course of the investigation. 

isoAnhydrocrypto]nne Hethochloridef CgiHj^jOjNjMeCl. — This 
characteristic derivative is readily obtained when isoanhydro- 
cryptopine metbiodide (1005), ground to a paste with much water, 
is digested on the steam-bath -with excess of silver chloride for an 
hour. The filtrate, on concentration, deposits the methochloride 
as a hard crust of pale lemon-yellow prisms; after remaining ex- 
posed to the air until the weight was constant, this quaternary salt 
contained two molecules of water, and became opaque on drying 
at 100°: 

1-7754 lost 0-1493 at 100°. HjO=8-4. 

C2 iHji 04N,M6C1,2H„0 contains H20=8-2 per cent, 

0-1075 (dried at 100°) "gave 0-2577 CO, and 0-0576 HjO. 

C = 65-4; H=5-9. 

CjjHaOjN.MeCl requires C=65-7; H=6-0 per cent. 
isCiAnhydrocryptopine methochloride melts at about 233° with 
vigorous decomposition to a black froth. It is very readily soluble 
in hot, but much less so in cold, water, and the addition of hydro- 
chloric acid does not appear greatly to reduce the solubility. The 
aqueous solution gives no precipitate with ammonia or dilute sodium 
hydroxide. 
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Tj^e anhydrous sBlt dissolves readily in boiling methyl alcohol 
and* separates, on cooling, in long, flat prisms which are quite 
colourless. 

When the cold aqueous solution is mixed with dilute sulphuric 
acid and then a little manganese dioxide dusted in, a pale blue 
coloration gradually develops, which deepens on warming. The 
addition of dilute permanganate at 0° to the aqueous solution pro- 
duces at first a purple precipitate of the permanganate, and then 
oxidation rapidly takes place. 


Dihydro\soanhydrocryi>tcfpinty 


CH, 

-CH— 

I 

^CH- 


CH, ■ 
Me 


This base was obtained by the reduction of ^oanbydrocryptopine 
under the following conditions. The hydrochloride of woanhydro- 
cryptopine* (1004) (3 grains), dissolved in dilute acetic acid and 
sodium acetate, was gradually treated with crushed sodium 
amalgam (200 grams of 3 per cent.) at about 80°. When the 
amalgam was exhausted, the filtered solution was mixed with 
ammonia, the chalky precipitate collected, and dissolved in hot 
dilute hydrochloric acid. On long keeping in the ice-chest, the 
very sparingly soluble hydrochloride of dihydroi^oanhydrocrypto- 
fine separated, and was collected and recrystallised from dilute 
hydrochloric acid.f from which it separates in groups of colourless 
prisms; it darkens at 210°’ and decomposes at about 215 — 218° 
with vigorous effervescence to an orange-red froth : 

0-1101 gave 0-2619 COg and 0-0625 H 2 O. C = 64-5; H = 6-3. 

^21^23^4^301 requires C=64*7; H=:6'2 per cent. 

This hydrochloride is comparatively readily soluble in hot water, 
but very sparingly so in dilute hydrochloric acid. The base, 
obtained by adding ammonia to the dilute aqueous solution of the 
hydrochloride, is a gelatinous precipitate becoming granular on 
wanning, but all attempts to recrystallise the substance were un- 
successful. The precipitate, thoroughly washed, was dried over 
phosphoric oxide in a vacuum, desiccator: 


• This hydrochloride, like that of anhydrocryptopine (977), is dissociated 
when sodium acetate is added to its aqueous solution. 

t The mother liquors of this hydrochloride contain the hydrochloride of a 
^^ondbase which edso has the composition C 2 iH 2504 N, and it is probable 
w the two bases represent stereoisomeric modifications of the same 
*uh3t6nee. 
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O lOTO gave 0-2801 COj and 0-0621 HjO. C = 71-2; 3=6-% 
CaHjjOjN requires C=71-4; H=6-5 per cent. 


StcHon V (a). The Reduction of leoAnhydrocryjtopne Metha- 
eidphate in Alkaline Solution (p. 732): Formation of Dihydro- 
methylisoanhydrocryptopne, (4) and (B), 

CH, 1 

\ I /\/ 

VCH- C Me . 

" 

J C-NMcj 

The tsoanhydrocryptopine methosulphate used in these experi- 
ments was prepared by adding methyl sulphate to the benzene 
solution of t-manhydrocryptopine in the manner already described 
(1005). The carefully purified substance (5 grams), dissolved in 
boiling water (300 0 . 0 .), was vigorously stirred with crushed sodium 
amalgam (150 grams of 3 per cent.), when a base separated, some- 
times in crystalline form, but more frequently as a gum, which 
ultimately crystallised. The whole was heated on the steam-bath 
until no further separation could be observed; the base was then 
collected, washed well, dried on porous porcelain, and dissolved in 
boiling methyl alcohol. When this solution is allowed to remain 
without agitation, the modification (A) of dihydromttkylko- 
anhydrocryptopine separates as a bulky mass of soft needles, but 
gradually pale yellow prisms of the modification (B) make their 
appearance, and, if the hot solution is stirred during crystallisa- 
tion, the separation consists entirely of this modification. The 
prisms (B) melt sharply at 121 — 122®, but, when the needles (A) 
are slowly heated in a capillary tube, it is noticed that they sinter 
at about 105®, clearly owing to transition into the prismatic modifi- 
cation, and the melting point is again 121 — 122®. Both modifica- 
tions were analysed : 

(A) 0-1098 gave 0-2908 COj and 0-0687 HjO. C = 72'2; 

H=7-0. 

(B) 0-1101 gave 0-2906 COj and 0-0685 HjO. C=72'0; 

H = 6-9. 

C 22 H 2 ,i, 04 N requires 0 = 710; H = 6-8 per cent. 

Crystals of this substance were kindly examined by Miss M. W. 
Porter, who reporta that the system is anorthic, with o:5:c- 
0-728:1:0-766, a=100°15', B = 104®23’. y=95°2'._ Tbe jollowiug 
forms were observed: 5(010), a(lOO), c(001), g'(Oll), r(lOl), an 
j){Til). The habit, as is shown in Pig. 4, is prismatic, and t e 
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,ertical faces are generally curved. Following are tie mean 
measurements derived from three crystals ; 



Azimuth. 

PoUr distance. 

(010) 

O* O' 

90“ O' 

(100) 

•82 2 

00 0 

(001) 

lOll) 

(101) 

*49 33 

•18 37 

156 3 

32 25 

276 24 

39 25 

(ni) 

•229 4 

Fio. 4. 

•47 42 



lyikt/drorntlhylisoanhydrocryplopim (B). m. p. 122°. 

The solution of a trace of either modification in a drop of acetic 
acid gives with sulphuric acid a deep orange-red coloration, which 
becomes intense port wine and then brown on the addition of 
dilute nitric acid. Dihydromethylisoanhydrocryptopine is very 
readily soluble in cold dilute hydrochloric acid, but, on rubbing, 
the sparingly soluble crystalline hydrochloride immediately 
separates. This fine salt is readily soluble in hot water, and crystal- 
lises in short, six-sided prisms with obliquely cut-off ends. The 
sulphate does not crystallise under these conditions, but the addi- 
tiou of dilute nitric acid to the solution of the sulphate causes the 
uilrate to separate as a syrup, which crystallises on rubbing. 

The MethosulpJuite.— This characteristic derivative is readily 
prepared by adding methyl sulphate (3 c.c.) to the solution of the 
base (2-5 grams) in a little warm benzene, when combination takes 
place immediately with the evolution of much heat. The liquid 
soon becomes a pasty mass of crystals, and these are collected, 
washed with benzene, and recrystallised from water or methyl 
alcohol : 

0 1094 gave 0-2334 00^ and 0 0623 HjO. 0=58 2; H=6-3. 

C 2 s,Hj 504 N,M^S 04 requires 0=58 4; H=6-3 per cent. 
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Dihydromethyliaomhydrocryptopine methosulphate melts at 
about 202°, without eEEervescenoe, to » colourless syrup, and is 
readily soluble in hot water, from which it separates in groups of 
flat needles ; the aqueous solution gives no precipitate on the addi- 
tion of ammonia. It dissolves very readily in boiling methyl 
alcohol, but is much less soluble in the cold and separates in thin 
plates with obliquely cuUff ends. When warmed with methyl- 
alcoholic potassium hydroxide (15 per (»nt.), it dissolves, and, on 
boilinv, decomposition slowly sets in with the elimination of tn- 
meihyiamine; the liquid becomes brown, then deep purple, and 
finally nearly black, and the addition of water then precipitates a 
black substance (compare 985). 

The MetUodide . — The addition of hot dilute potassium iodide to 
the hot dilute solution of the methosulphate produces no immediate 
precipitate, but the liquid soon clouds, and a gum separates which, 
on rubbing, readily crystallises. If this gum is dissolved in boil- 
ing alcohol and the solution stirred, the methiodide separates as a 
sandy precipitate consisting of curious, circular warts: 

0-1121 gave 0-2215 COs and 0-0563 HjO. C = 53-9; H=5-6, 
C,2H2504N,MeI r^uires C=64-2; H=5-5 per cent. 

This meihioilide melts at about 215-217° to a yellow syrup. 


\li-Vihydromethylisoaiihydrocrifptopine (p. 732), 


CH, 


/ 


:C Mo 


OH’NMe, 

This substance is obtained (a) from fsoanhydrocryptopine metho^ 
chloride (p 780) by reduction in hydrochloric acid solution with 
sodium amalgam, or (5) from dihydromethylimanhydrocryptopme 
by boiling with dilute hydrochloric acid, (a.) ssoAnhydrocrypto^ 
pine raethochloride (3 grams), dissolved in hot water (200 c.c.) an 
hydrochloric acid (30 c.c.), is treated with sodium amalgam (120 
grams of 4 per cent.) on the steam-bath. When reduction is com 
plete, the liquid is filtered from a trace of a chalky, neutral sub- 
stance, the filtrate mixed with ammonia, the rather gelatinous pre 
cipitate collected, washed, dried on poroue porcelain, and dissolv^ 
in a little boiling methyl alcohol, in which it is very readily so u ^ 
If the solution is cooled in ice and salt and , 

gradually sets in, and, on recrystallisation, pure iff ^ 

isoanhydrocryptopne is obUined in colourlees needles melting 
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140—141°. (6) Dihydromethylwoanhydrocryptopine (1 gram), 

dissolved in concentrated hydrochloric acid (2 c.c.) and water 
^10 c.c.)j is boiled for ten minutes in an open test-tub© by means 
o! a sulphuric-acid bath in such a way that concentration to about 
half the volume takes place. At first there is no visible change, 
but towards the end of the operation a pale green develops. The 
cold product yields a caseous precipitate on the addition of 
ammonia, which soon becomes hard, and the substance separates 
from methyl alcohol in microscopic groups of needles melting at 
140—141°. Analyses were made with substances prepared by 
methods (a) and (6) : 

(а) 0-1238 gave 0-3271 CO 2 and 0-0776 HgO. C = 72-0; H = 6-9, 

(б) 0-1250 „ 0-3298 CO 2 „ 0-0783 H 2 O. C=71-9; E = 6-9. 

^ 22 ^ 26 ^ 4 ^ requires C=71’9; H = 6-8 per cent. 

iji-DihydromethylhQankydrocrypiojnne is sparingly soluble in 
cold methyl alcohol and not very readily so on boiling ; it is also 
rather sparingly soluble in cold acetone, but dissolves on boiling 
and separates in groups of glistening needles; it is easily soluble 
in benzene, even in the cold. The solution of a crystal in a drop of 
acetic acid gives, with sulphuric acid, a deep orange coloration, 
which becomes intense port wine on the addition of a drop of 
dilute nitric acid. A characteristic of the base is its remarkable 
resistance to reduction, since experiment showed that much remains 
unchanged after its solution in dilute hydrochloric acid has been 
boiled with a large excess of sodium amalgam (compare p. 733). 

It is also oxidised with unusual difficulty when permanganate is 
added to its solution in acetone. 

The Methosulphate. — A considerable rise of temperature takes 
place when methyl sulphate is added to the solution of the base 
in warm benzene, and the methosulphate begins to separate 
immediately as a chalky mass. This was collected, washed with 
benzene, and analysed: 

0 1092 gave 0*2332 CO 2 and 0 0626 H^O. C=58 l; H = 6-4. 

C22H2504N,MegS04 requires C=58-4; H=^6-3 per cent. 

j-DihydromethpHsoanhydrocryptajn'n't methosulphate melts at 
about 188 — 190°, and is sparingly soluble in water or methyl 
alcohol iu the cold, but dissolves readily on warming and separates 
m colourless groups of needles. It is decomposed with some diffi- 
culty by boiling methyl-alcoholic potassium hydroxide (15 per 
trimethylamine is eliminated, and, on the addition of water, 
^chalky substance separates, which was not further examined. 

Reduction of the Methosulphate. — When crushed sodium 
^algaiu was added to the cold aqueous solution of the metho- 

G G* 
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sulphate at about 50°, the odour of trimethylamine became at once 
apparent, and a chalky substance separated. After keeping at 50° 
for some hours, with constant stirring, the precipitate was collected 
and found to melt at 160 — 163°. It was recrystallised from methyl 
alcohol, in which it was remarkably sparingly soluble, and then 
melted at 166 — 167°. That this substance is i^oixyptofident (A), 


CH, 1 



/\/ 
C Me 



that is to say, is identical with the substance which results freon 
the cold reduction of dihydromethylMoanhydrocryptopine metho- 
sulphate (see below), was proved by a comparison of properties, and 
particularly by the fact that the mixture of the two substances 
melted at 166 — 167°. 


The \%(/]ryptopi<Unes^ {A) and (J3), 


OH, 1 


x-k 

(A.) M. p, 167®. 


and 


CH, 

vn—C Me 



(B.) M. p. 108“. 


The difficulty of completely understanding the mechanism of the 
formation of these curious and interesting substances is referred to 
in the introduction to this paper (p. 733), and reasons are there 
given for assigning the above formulm to the two isomerides. 
^naCryptopidene (A) (m. p. 167°) is produced by the reduction 

(i) of the methosulphate of dihydromethyiisoanhydrocryptopine, or 

(ii) of the methosulphate of V’-dihydromethyhsoanhydrocryptopinein 
alkaline solution and also by the reduction of ^-dihydromethyliso- 
anhydrocryptopine in acid solution. The method of formation (ii) 
has just been described, but the method of preparation which 
is probably most convenient i.s that stated under (i). In this reduc- 
tion, dihydromethylisoanhydrocryptopine methosulphate (2 grams, 
p. 783), dissolved in water (150 c.c.), is poured on freshly prepared 
crushed sodium amalgam (100 grams of 3 per cent.) in a porcelain 
beaker fitted with a mechanical stirrer, and the reduction carried out 
at a temperature not exceeding 30°. The odour of tiimethylaimno 
becomes immediately apparent, and a chalky precipitate of »o- 
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cryptopidene (A) gradually forms, but the separation is not com- 
plete until the stirring has been continued for two days. The 
precipitate is then collected, washed with water, and dried in the 
steam-bath, when it melts at 163 — 165°, and is almost pure iso- 
cryptopidene (4), the yield being very good. For analysis, the 
substance was recrystallised from much methyl alcohol, and con- 
siderable difficulty was experienced in obtaining accurate results : 

01195 gave 0-3231 00^ and 0 0654 H^O. C = 73-7; H = 6-l. 

0 1075 „ 0-2901 CO 2 „ 0-0584 HjO. 0 = 73 6; H = 6-o! 

^ 20 ^ 20^4 requires 0 = 74-1; H = 6-2 per cent. 

isoCryptopidene (A) melts at 166—167°, and is remarkably 
sparingly soluble in boiling methyl alcohol, from which it separates 
as a sandy powder consisting of well-developed, glistening prisms ; 
it is also very sparingly soluble in boiling alcohol or acetone, and 
separates from the latter in striated prisms. The solution of a 
crystal in a few drops of glacial acetic acid gives with sulphuric 
acid a deep orange coloration, which changes to red on the addi- 
tion of a drop of nitric acid. 

(iii) The Reduction of >li-Dihydromethyl\soanhydrocryptopine 
(p, 784) in Acid Solution. — In carrying out this experiment 
diliydromethylwoanhydrocryptopine (5 grams) (m. p. 122°, p. 782) 
was dissolved in a large excess of boiling dilute hydrochloric acid, 
and thus converted into the ^-isomeride (p. 785). Freshly prepared 
sodium amalgam (250 grams of 4 per cent.) was then added to the 
toiling solution, when a small amount of a chalky precipitate 
separated, which was collected, washed well, and dried in the steam- 
oven. In this condition, it melted at 162 — 165°, and, after re- 
crystallisation from methyl alcohol, in which it was very sparingly 
»luble, at 166 — 167°. The careful comparison of the properties 
of this substance with those of the specimen of fsocryptopidene (4) 
obtained from the alkaline reduction of dihydromethyli’soanhydro- . 
cryptopine methosulphate (see above) clearly indicated identity, 
sid this was confirmed by the observation that the mixture of the 
two preparations melted at 166 — 167°. 

The yield of wocryptopidene (4 ) obtained by reducing 
Hihydromethylisoanhydrocryptopine in acid solution is only 
ibout 8 per cent, of that theoretically possible, and this led to a 
Areful examination of the acid solution which had been separated 
from the neutral substance by filtration. On the addition of 
iBmonia, a caseous precipitate separated, which soon hardened, 
^ 2 d when rubbed with methyl alcohol this yielded a sparingly 
^ “hie substance (a), which was collected and washed with a little 
yl alcohol to remove a readily soluble substance (5). The 

O G* 2 
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substance (a) on fractional crystallisation from, methyl alcohol was 
separated into a small quantity of a new base (m. p. 168 — 170°) 
and a considerable quantity ( 0'8 gram) of unreduced ^-dihydto- 
methylisoanhydrocryptopine (m. p. 140°). In view of the fact that 
reduction had been carried out at the boiling point and with a 
very large excess of amalgam, it is remarkable that so much of this 
base should have remained unreduced. The base melting at 
168 — 170° is very sparingly soluble in boiling methyl alcohol, from 
which it separates as a voluminous mass of colourless needles. The 
solution in acetic acid is coloured yellowish-brown by sulphuric 
acid, and the addition of a drop of dilute nitric acid changes the 
colour to brownish-pink : 

0 1077 gave 0-2853 COj and 0-0662 H^O. C=72-l; H= 6 - 8 , 
C 22 H 25 O 4 N requires C=71-9; H= 6-8 per cent. 

This analysis shows that the base is isomeric with dihydro- 
methylijoanhydrocryptopine (m. p. 122 °) and (f-dihydromethylwe. 
anhydrocryptopine (m. p. W 0 °), but no evidence is available to 
explain this isomerism. 

The methyl-filcoholic filtrate from the substance (5) was mixed 
with much ether, the ethereal solution washed until quite free 
from methyl alcohol, dried over potassium carbonate, concentrated, 
and left in the ice-chest for a week, during which it deposited a 
small crop of the base melting at 140°, which is practically in- 
soluble in ether. 

As no further separation took place on allowing the ether to 
evaporate in the ice-chest, the base was dissolved in dilute hydro- 
chloric acid and precipitated with ammonia, when a caseous mass 
separated which, after drying over phosphoric oxide in a vacuum 
desiccator, gave numbers indicating that the base is tefrahydro- 
metJiyli&oonhydrocryptojnnc, 

CH. I 

\ I /\/ 

CH— CH Me 

I 

y CH-NMe, 

0-1139 gave 0 2969 COj and 0-0753 HjO. C=71-0; H=7-5. 
CjjHjjOjN requires C=71-5; H=7-3 per cent. 

This base is very readily soluble in the usual solvents, and all 
attempts to obtain it in a crystalline condition were unsuccessful. 
The solution in benzene becomes hot on the addition of methyl 
sulphate, clouds, and a syrup separates which hardens when rubbed 
with ether. This methosulphate, which is very readily soluble m 
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water or methyl alcohol, yields a heayy syrup on the addition of 
boiling potassium iodide to its hot aqueous solution. On remain- 
ing in the iceohest, this gradually deposited nodular crystals, and, 
when rubbed with methyl alcohol, a considerable quantity of a 
white, crystalline substance separated, which wasJcollected and re- 
crystallised from methyl alcohol. 

Tetrahydromethylisoanhydrocryplopine methiodide melts without 
effervescence at about 188—190“ to a viscid, pale yellow syrup, is 
comparatively readily soluble in boiling methyl alcohol, but very 
sparingly so in the cold, and separates well as a glistening mass 
consisting of thin, flat plates with square ends : 

0'1201 gave 0 2390 CO^ and 0 0641 H^O. C=54-3; H = 6 0. 

CjjHjjO^N.Mel requires C=54-0; H;=5'8 per cent. 

^^ryptopidene (B) (m. p. 108“).— This substance is obtained 
when the methoaulpbate of dihydramethyltsoanhydrocryptopine 
(3 grams) (p. 783), dissolved in boiling water (150 c.o.), is treated 
with sodium amalgam (150 grama of 3 per cent.), care being taken 
to keep the whole boiling during the operation. Immediately the 
amalgam is added, a syrupy substance begins to separate, and, if 
ths mass is vigorously stirred, the reduction is finished in a few 
minutes. The syrupy substance, which crystallises on cooling, is 
collected and recrystallised from alcohol : 

0'1291 gave 0'3497 COj and 0'0701 HjO. C=73-9; H=6-l. 

CajHaiOi requires C = 74-l; H = 6-2 per cent. 

mCryptopidene (B) melts at 108°, is more readily soluble in 
methyl or ethyl alcohol than the modification (d), and separates 
in groups of glistening needles. It is readily soluble in benzene or 
loetone in the cold, or in boiling glacial acetic acid, and crystallises 
particularly well from 70 per cent, acetic acid as a voluminous mass 
ot needles. The solution of a trace in glacial acetic acid gives 
with sulphuric acid a deep orange-red coloration, which becomes 
redder on the addition of a drop of dilute nitric acid. 

Ozidation. — The solution of the substance (3 grams) in acetone 
(200 0 . 0 .) is slowly oxidised by the addition of very finely powdered 
permanganate (5 grams) at the ordinary temperature, the opera- 
tion requiring about five hours. The manganese precipitate was 
collected, washed with acetone, extracted with boiling water, and 
ike brown extract concentrated and acidified, when an ochreous 
precipitate separated in quantity, and was washed and left in con- 
tiet with porous porcelain until dry. The whole was then dis- 
roved in boiling methyl alcohol and allowed to remain in the ice- 
0 est for two days, when a crystalline acid (0-26 gram) had 
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separated; this was recrystallised from methyl alcohol, in which it 
is very sparingly soluble : 

0-1060 gave 0-2391 COj and 0 0460 HjO. C = 61-6; H=4-9. 

CaoHaoOs requires C=61-5; H=5-l per cent. 

This acid wlich may be called ketohpdroxydikydrohwryfto. 
mdenic acid’, and the possible constitution of which is disclissed on 
p. 734, is a colourless, satiny mass; it becomes salmon-coloured at 
220° and melts at 227° without effervescence. 

The solution in concentrated methyl-alcohoUo potassium hydr- 
oxS> becomes pink on boiling, and the colour gradually fades in 

contact with air. . . , . -ii. i v ■ 

A trace dissolved in a drop of acetic acid gives with sulphuric 

acid a deep brown coloration which, on the addition of a drop of 
dilute nitric acid, gradually fades. The methyl-alcoholic mother 
liouors of this acid contain a considerable quantity of readily 
soluble acids, and the acetone extract from the oxidation yields, 
on evaporation, a small quantity of a yellow syrup, but no attempt 
was made to identify these mixtures of substances. 

The considerable quantities of oryptopine required for diis 
investigation were oollected for me by Messrs. T. and H. Smith, 
of Edinburgh, and I wish again to thank the 6rm and the managing 
director, Dr. Alexander Dey, for the generous assistance they hav, 
extended to me throughout this inquiry. I am also indebted to 
Mr. T. V. Barker and Miss M. V. Porter for undertabng the 
crystallographic measurement of some of the new derivatives. The 
amlyses were again carried out by Mr. Fred Hall with character. 

istic skill. 


The TJhivebsity Chemical 

Laboratobies, Oxford. 


\Jieceived, Moy 2Qth, 1919 .] 


LXL— TVie Freezing Point of Solutions, with Special 
Reference to Solutions Containing Several Solutes. 

By Chables Edward Fawsitt. 

In proceeding to use freesing-point determinations for the estima- 
tion of certain ingredients in liquids containing an unlnmtea 
number of ingredients, the author found that it was necessary to 
consider rather closely the freezing points of solutions In P 
ticular, for the purpose in question, ib was necessary c 
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how the calculated molecular depression of the freezing point of 
a solvent by a solute is dependent on the concentration of the 
solute (Part I), and it was necessary further to consider what 
effect is produced on the freezing point of a solvent by several 
solutes used together, as compared with the effect of these solutes 
used separately (Part 11). 

These two matters are considered in this paper. 


Pabt 1. 

The Effect of Concentration of Solute in Freezing-point 
Determinationt. 


The freezing point of a solvent is usually lowered by dissolving 
any substance in it, and for very dilute solutions the depression 
of the freezing point, (A), is proportional to nfS, where n is the 
number of solute molecules and N is the number of solvent 
molecules. 

This proportionality is proved from theoretical considerations, 
but holds only for excessively dilute solutions. For solutions of a 
concentration of, say, 1—10 per cent, of solute, A is not strictly 
proportional to njN, and it has been suggested that the formula 


should be used instead of 


A 


_n 

* N+~n 



Taking the first formula, which is more commonly used, 
Let «=weight in grams of solute, 
molecular weight of solute, 

IF = weight of solvent in grams, 
iff = molecular weight of solvent, 


or 



M 

W' 


A = ffxl000x ® X (1) 

m W ' ' 

where ft is a constant (the van’t Hoff constant) for the solvent 
and represents the depression caused by introducing one gram- 
molecular weight of solute into 1000 grams of solvent. 

Equation (,1) is usually employed in making freezing-point calcu- 
lations, more especially where these are used in determining mole- 
cular weights of solutes. 
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It ia observed that when the depressions hj, Ig, corresponding 
with several weights of solute, mj, ti'j, Wj, are determined, the 
molecular weight of the solute, calculated according to equation 
(1), is often not constant, even with non-assooiated or non^dis- 
sociated solutes. In such cases, the numbers more often tend to 
rise than to fall. 

It might be thought that by using the formula 


■f^+n 


instead of 


® N’ 

better results would he obtained. 
Now 


leads to 


. M .tn 

* [m. iy+ioJtfj’ 


A-ZxlOOO. 


m[W+wl'm .ir\ 


where K is the same constant as in (1). The application of equa- 
tion (2) to the calculation of molecular weights instead of (1) is 
not attended by satisfactory results. 

In particular, it cannot be made to serve any useful purpose 
when the molecular weights, calculated according to (1), decrease 
as the concentration rises, a case which sometimes occurs. 

If, however, instead of the expression in (2) we use the formula 

_ XxlOOOxin 

m[W+bw] ' ' 

where h is an arbitrarily introduced constant dependent on solute 
and solvent, not necessarily equal to Mjm, and, indeed, sometimes 
negative, the results obtained are satisfactory. 

Abegg {Zeitseh. physilcal. Chem., 1894, 16, 209) tried the equa- 
tion 

«- (0 

where K is the ordinary van’t Hoff constant as used in equation 
(1), and should be the same for all solutes in any particular solvent, 
whilst jB is an arbitrary constant which varies with the solute. 
The application of this formula (4) certainly gives better results 
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in many cases tlian (1) oi (2), but is not so simple a formula as (3), 
The latter gives quite as good results as (4) both for solutions con- 
taining a single solute and solutiona containing several solutes. 

The author considers that formula (3) is the most suitable for 
adoption in freeaing-point calculations. 

The constant h in equation (3) can be calculated from two 
observations; if a>i and icj be two different weights of a solute 
giving depressions 4j and 4, with a particular solvent, then 

h= 


The constant B in equation (4) can also be calculated from two 
observations, 




'’i 


In the following tables, m is the (theoretical) molecular weight, 


m' is the molecular weight as calculated by the equation 
^C.lOOO.w 


m = - 


A.W 


( 5 ) 


m" is the molecular weight as calculated hy the equation 
lOOO.w 


A . ( II'-H bw] 

m'" is the molecular weight as calculated hy the equation 

S'. I000.ro 

“ W[A-B.w^im] ■ ■ ■ ■ 


( 6 ) 

{'!) 


which is derived from equation (4). 

From tables I, II, HI, and IV it will be seen that m" is fairly 
constant whether m' rises or falls with increasing concentration of 
iiolute. 

In table II, m’” is also given, end it will be seen that it is just 
aa constant as but not more so. 


Table I. 

Solutt, Ethyl Ether, m=74; Sdvent, Cineole. 
T7=l8-27, 6 = 1-53, ir = 6-7. 


Gratos of solute 
in 100 grams of 
solvent. 

A. 

(calculated). 

m'. 

0«707 

0'624 

76-0 

75-1 

1<48 

1.276 

77-6 

75-9 

2.2 

1*876 

78-6 

760 

3-4 

2-874 

79-3 

75-2 

5-15 

4-265 

81-0 

761 
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Table 11. 


Solute, 1-a 

■Phellandrene, 

m=136 

; Solvent, 

Benzene. 


-33-6, F = 18-47, 6 = 

0*87, = 5 

rO. 


A. 

w". 

m'\ 


0-96 

0350 

135*2 

133'9 

133*9 

212 

0*778 

130*5 

133*9 

133*7 

3-32 

1-194 

138-9 

134*9 

134*6 

4-7 

1*685 

140-4 

134*7 

134*3 

C-24 

2*209 

141*2 

133*8 

133*1 

7-34 

2*559 

143-3 

134*7 

133-8 

1 variations 

in (and of 

the tables 

aro not j 


than the experimental errors. 

Tables of this kind could be multiplied indefinitely. 

Tables III and IV give examples where h has a negative valuB 
(that is, where the molecular weight as calculated from eqnatian 
(1) falls with increasing concentration). Table III has been calm, 
lated from data given by Abegg (foe. c»t.). 


Table III. 

Solute, Ethyl Alcohol; Solvent, 
Water. 

^ = T86, 1K=100,to=46, 



b=- 

0-5. 


Ui. 

A. 

m' 

m" 

8*10 

3*215 

46*8 

48*8 

10*75 

4*36 

46*0 

48*0 

13*81 

5*605 

45*8 

49*2 

17*79 

7*49 

44-6 

49*2 

22*50 

9*705 

43*1 

48*5 

32*08 

15*09 

40*2 

48*1 


Table IV. 


I Solute, Sucrose; Solvent, Water. 


A = l-86, W: 

= 100, m 

= 342, 


6=- 

-0'26. 


IT. 

A. 

m' 

m" 

0*973 

0*053 

341*4 

342*3 

2*231 

0123 

337*4 

339*3 

4*276 

0*237 

335*6 

339*4 

8*550 

0*481 

330*7 

338*2 

17*292 

0*989 

326*1 

340*2 


In table III it will be seen that m" is constant within the ex- 
perimental error up to a concentration of 32-68 per cent, of solute. 

Table IV is calculated from data given by Raoult (1898). 

When the molecular weight as calculated according to equatim 
(5) rises with increasing concentration, this is due probably (i) to 
the volume of the solution becoming continually greater than the 
volume of the solvent, or (ii) to association of the solute molecules. 

When the molecular weight as calculated according to (5) falls 
with increasing concentration, this is due probably to combinatioo 
between solute and solvent. 

Whatever be the cause of the rising or falling of the calculatoi 
molecular weight, there seems to be little doubt that where the 
molecular weight calculated according to (5) rises or falls with 
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change of concentration, formula (6) gives values for m" constant 
to about 1 per cent. This is, then, the calculated value of the 
molecular weight for very small concentrations. It does not 
immediately follow that this constant value (m") represents 
accurately the true molecular weight (m), for there are other 
abnormalities noticed in the results of freezing-point measure- 
ments besides the rising and falling of the (calculated) molecular 
weight. The molecular weight as calculated for small concentra- 
tions may be higher or lower than the true molecular weight. It 
is higher in the case of many solutes showing association, for 
example, ethyl alcohol dissolved in cineole. It is also sometimes 
lower than the true molecular weight; this is more particularly 
noticeable in the case of some terpenes dissolved in benzene and 
in cineole. 


Part II. 

Freezing Point of a Mixture of Solutes Dissolved in a Solvent. 

In proceeding to the case of several solutes dissolved together 
in a solvent, it will be desirable to eliminate certain complications. 
For example, it is nob desirable to use as solutes in the mixture, 

(i) such solutes as exhibit association or dissociation in solution, 

(ii) such as will form mixed crystals with the solvent, (iii) such 
as will combine with the solvent or with each other. 

In some cases, | fairly close agreement is observed between the 
depression of the freezing point, caused by a mixture of solutes, 
and the sum of the depressions, caused by the ingredients when 
introduced by themselves (separately) into the solvent. 


Table V. 


Solvent, Benzene; Solute, 
Toluene. 

IF= 18-65, A-=5-0. 


w 

Percentage 
of solute. 

A. 

0-1822 

0-98 

0-642 

0-3522 

1-89 

1-017 

0-6860 

3-68 

2-028 


Table VI. 


Solvent, Benzene; Solute, 



g-Xglene. 

W 

= 15-092, i:=5-0. 

\ ^ 

wxlOO/I?'. a. 

' 0-2306 

1-53 0-760 

i 0-5224 

3-46 1-626 

0-8151 

5-40 2-642 


In table VII and the following tables, i, is the depression of 
me freezing point of a mixture of solutes in a solvent obtained by 
adding together the calculated depressions of the freezing point 
caused by each ingredient, i is the observed depression. 
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Table VII. 


Solvent, Benzene; Solute, a Mixture containing 84'7 per cent, 
of Toluene and 15'3 per cent, of p-Xylene. 


= 16-29 . 


It. A. Ai. 

0 1887 0-670 0-648 

0-3663 1-274 1-268 

0-616 2-114 2-136 


The calculated and observed depressions do not difier by mucli 
more than the experimental errors in this case. 

However, if a considerable number of cases are examined, using 
various solutes and solvents, it will be found that there is often 
a considerable discrepancy between the values of A and Aj, especi- 
ally at large concentrations; sometimes A is greater than Aj, some- 
times leas. This is, however, only to be expected from equa- 
tion (3). 

;,rrom equation (3) we are led to believe that, instead of using 
W; the weight of pure solvent, in onr calculations, we should use 
W + hw. 

Consider now two solutes, P and Q, having molecular weights 
Mp and m, ; let Wp grams of P be dissolved in a solvent, giving a 
depression Ap; let -w, grams of C -when dissolved (separately) in 
the solvent give a depression A,. 

Then the separate depressions are: 


K.IOOO Wp 
^ mp.[W+ bpWp] 
and the sum 


K. 1000 . Wj 
m,[lV -6 6 , 10 ,]’ 


i^p + Aq = K. 1000 


I Wplmp_ 

\[W+hpWp] 


+ 


\ fS) 
[H-' + ftjW,]/ 


The sum Ap + A, differs from the observed value since the 
observed value would be expected to be given by 


_ K. lOOOjwp/Wp+Wj/m,} 

[TF+6ptt'p-t-6,w,] 

If bp and 6 , are positive, then Ap^., will be less than Ap-ri(- 
If bp and 6 , are negative, then Ap^., will be greater than Ap-tV 
We may say then, in general, that on mixing two solutes the 
molecular weights of which when calculated according to the usua 
formula (equation 5 ) rise with increasing concentration (& + n:), we 
should expect that the actual depression produced by the two 
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together would be less than the sum of the depressions produced 
bj each solute separately. 

If, on the other hand, the molecular weights when calculated 
according to equation (5) decrease with increasing concentration 
(t negative), we should expect that the depression produced by 
two solutes together would be greater than the sum of the 
depressions of the separate solutes. 

An examination of a considerable number of cases shows that, 
qualitatively, these statements are borne out by facts. 

It is assumed, of course, in such cases that there is no combina- 
tion between the various solutes. This would itself have the effect 
of making the observed less than the calculated depression. 

Below are given the results of a number of freezing-point deter- 
minations on single solutes in benzene showing how the molecular 
weight, calculated according to equation (5), alters with change 
of concentration, and, subsequently, tables showing the result® 
obtained from mixtures of some of these solutes in benzene. 

Results for mixtures of solutes are given for the three solvenU 
benzene, nitrobenzene, and water. 

^ in the following tables denotes the calculated depression as 
obtained from dt]uation (9). 

m' is calculated from equation (5). 

Percentage of solute means weight of solute in 100 grams of 
solvent. 


Benzene as Solvent. 

The following results were obtained with individual solutes. 


Table VIII. 


Solvent, Benzene; Solute, 
Toluene- 
K = 5, ot = 92. 


Percentage 
wei^t 
of Bolute, 



1467 

0-847 

86*6 

S'OSg 

1*754 

88*1 

4'716 

2*588 

9M 

6*206 

3*338 

93*0 

7*803 

4*148 

94-1 


h Calculated from these Egures is 
‘1-312. 


Table IX, 


Solvent, Benzene; Solute, 
To-Xylene. 
m = 106. 


Percentage 

weight 



of solute. 


m\ 

M89 

0-568 

104*7 

2*674 

1-253 

106*7 

4-111 

1*881 

109*3 

6-695 

2*526 

110*8 

6-773 

3*014 

1124 

h Calculated from these figures 
1-339. 
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Table XI. 


Table X. 


Solvent. Bemene; 

Solute, 

Solvent, Benzene; Solute, 1 

a- 

Phellandrene. 

d-Pt«cne. 

i 


wi = 136. 


m- 

136. 

i 

Percentage 

A. 

m'. 



* 1 

0-962 

0-356 

136-2 

Percentage. 

A. 

m. j 

2-123 

0-778 

136-6 

1-411 

0-54 

130-6 j 

3-316 

1-194 

138 9 

2-823 

1-032 

136-9 ! 

4-731 

1-665 

140-4 

4-438 

1-564 

141-9 1 

6-236 

2-209 

141-2 

6-193 

2-15 

144-1 

7-335 

2-656 

143-3 


b Calculated from observations (1) 6 Calculated from observations (1) 

and (1) is 2-21. and (6) is 0.8T. 


Table XII. 

Solvent, Benzene; Solute, Cineole. 
m=154. 

Percentage. A. • m'. 

1'046 0-360 149-4 

2-708 0-870 166-7 

b Calculated from observations (1) and (2) is 2C9. 

Table XIII. 


Freezing-point Determinafiont with more than One Solute in 
Benzene as Solvent. Solvent, Benzene (^ = 5’0). 








Percentage 


Value 

Percentage 




difference 


of “ 6 ” 

weight of 




between 

No. Solute. 

for solute. 

solute. 

A. 

Oi- 

A,. 

A and A|. 

1 Toluene 

w>-Xylene ... 

1-312 

1-339 

2-368 

0-532 

1-569 

1-604 

1-688 

1-2 

2 Toluene 

m-Xylene ... 

1-312 

1-339 

3-769 

0-845 

2-469 

2-508 

2-466 

-O-l 

„ Toluene 

^ fn-Xylene ... 

1-312 

1-339 

4-704 

1-708 

3-299 

3-442 

3-334 

M 

Cineole 

2-59 

4- 107 





4 d-Pinene ... 

2-21 

1-068 

1-881 

2-047 

1-930 

2-7 

Phellandrene 

0-87 

0-944 





Cineole 

2-59 

1-571 




'-0-5 

5 d-Pinene ... 

2-21 

2-026 

1-832 

1-943 

1 824 

Phellandrene 

0-87 

1-790 






Nitrobenzene as Solvent. 

Nitrobenzene is similar as a solvent to benzene in that the value 
of h for solutes in nitrobenzene was positive in all oases expen- 
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mented on. The molecular weight (m') of single solutes dissolved 
in nitrobenzene, if calculated according to equation (5), rises with 
increasing concentration. The results for the individual solutes 
are omitted here, but the results for several solutes dissolved 
together in nitrobenzene are given in table XIV. 

As in the case of benzene, the sum of the individual depressions 
is always greater than the depressions obtained for the solutes 
when dissolved together. 

The corrected calculated value (Aj), using the b correction as per 
equation (9), is, however, as with benzene, much nearer to the 
observed value. 

Table XIV. 


freezing-point Determinations with more than One Sdnte in a 


Common 

Solvent, 

Solvent^ 

Nitrobenzene 

(X = 

7-0). 


Value of 

Percentage 




Percentage 


weight 




difference 


“6” 

of each 





>’ 0 . Solute. 

for solute. 

solute. 

A. 


*2- 

A and A,. 


2-295 

0-926 

2-439 

2-934 

2-463 


^ Benzene ... 

2-36 

2-048 

+1 

,y Toluene . . . 

^ Benzene . . . 

* 2' 295 

1-624 

4-070 

4-314 

4-117 


2-86 

3-587 

-fi-i 

Toluene 

2-299 

2-401 





3 tn-Xylene 

1-138 

0-861 

2-800 

2-929 

2-820 

+ 0-7 

Benzene . . . 

2<t6 

0-591 




Toluene 

2-295 

3-919 





4 OT-Xylene ... 

M38 

1-404 

4-323 

4-671 

4-399 

+ 1-7 

Benzene ... 

2-36 

0-964 




Toluene 

2-295 

2-574 





5 m-Xylene . . . 

M38 

0-578 

3-599 

3-883 

3 672 

+ 20 

Benzene ... 

2-38 

1-750 





Water as Solvent. 

la this case, it was not thought necessary to carry out any 
eiperimental work, as sufficient material for calculation may be 
obtained in the literature dealing with freezing points. 

Using Abegg's numbers (loc. eit.), it is found that b is some- 
times negative for solutes in aqueous solutions. 

The values for b have been calculated for a number of solutes, 
sad the results in table XV give the observed and calculated 
values for mixtures of these solutes. 
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Table XV. 

Fretiing-point Determinations with more tham One Solute in a 
Common Solvent. Solvent, Water. 


Value of Percenter 


No. 

Solute. 

“ b ” for 
solute. 

weight 
of solute. 

1 

Qlycerol 

.. -0*284 

6*236 

Sucrose 

.. -0*24 

16*857 


Glycerol 

.. -0*284 

10*90 


Sucrose 

.. -0*24 

17*54 


Alcohol 

.. -0*463 

3-924 


Glycerol 

.. -0*284 

S' 64 


Alcohol 

.. -0*463 

6*474 


Acetone.. 

.. 0*235 

6*251 


Alcohol 

-0463 

5*934 


Acetone. . 

... 0’235 

lJ-566 


Percentage 
I difference 
between 


A. 

2*145 

Aj. 

2-057 

*3- 

2-119 

A and A, 

-1-3 

3*48 

3-204 

3431 

-1-4 

3*47 

3-320 

3*395 

-2'1 

4-13 

4-058 

4*074 

-1.4 

6*66 

6-393 

6*437 

-1'7 


It will be noticed that for the solutes and solvents considered, 
and in spite of the corrected method of calculationaemployed when 
several solutes are used together, an error of as much as 2 per 
cent, occurs in some cases. This error is sometimes positive and 
sometimes negative, and may be due, (i) to reaction between the 
various solutes, or (ii) to action of the solute on the solvent, or 
(iii) to experimental errors in determining the freezing point of 
the solutions. 

When freezing-point determinations are to be used for purposes 
of analysis, these errors have to be taken into account. Before 
the method can be applied directly to a given sample, the errors of 
determination must have been ascertained by experiments on some- 
what similar material. 


Summary. 

(1) In freezing-point determinations, there may with advantage 
be substituted for W, the weight of solvent, the expression W + hv!, 
where w is the weight of the solute and & is a constant which 
depends both on the solute and the solvent, and is at present deter- 
minable only by experiment with the solute and solvent. 

(2) When several solutes are dissolved at one time in the same 
solvent, then, if b is positive for the individual solutes, the sum 
of the individual depressions of the freezing point by the various 
solutes is greater than the observed depression of the freezing 
point; if 6 is negative for each individual solute, the sum of t e 
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indivUnal depressions is leas than the observed depression of the 
freezing point. 

(3) If several solutes are dissolved together in a solvent and 
the quantity of solvent be taken as S' + Wiiii+W 2 Sj+ 111553 +, 
where W is the actual weight of the solvent, and Wj, Wj, wg are 
the weights of the solutes, and hj, 5j, hj are the values of the 
constant 5 for each solute, as explained in paragraph ( 1 ) above, 
then the sum of the calculated values of the depressions of the 
individual solutes differs from the observed total depressions by 
only a small error in all cases considered by the author. 

I desire to thank Mr. C. H. Fischer for carrying out the experi- 
mental work described in this paper. 

Cbeuioai. Departmest, 

University op Sydney. [Deceived, April 14(5, 1919.] 


LKlL—T/ie Use of Freezing-point Determinations in 
• Quantitative. Analysis. 

By Chaeles EnwAM Fawsitt. 

CoNSiDEBABlE Use has been made of freezing-point determinations 
as an aid to analytical work in recent years. 

The freezing point of a liquid like milk or blood serum has 
teen used as a characteristic for these substances independently of 
what the constituent solutes are. 

Pox and Barker (/, Soc. Chem. Ind., 1917, 36, 842) have made 
US9 of a determination of the freezing point to obtain the per- 
centage of phenol in commercial cresylic acid. There is a little 
uncertainty in using the freezing-point results in such a case, 
tecause the other substances in crude cresylic acid, namely, the 
three cresols, have all the same molecular weight. 

Weiss and Downs (ibid., 863) show that the percentage of phenol 
in Ur oils may be determined by a freezing-point determination 
provided a density determination of the mixture is also carried 
out. 

Drapier (Gompt. rend., 1915, I 6 I, 461) has suggested that the 
percenUge of one ingredient d, in a mixture A could be obtained 
provided that one knows the lowering of the freezing point by the 
mixture A (solute) when dissolved in 4, (solvent), and also when 

IS dissolved in some other solvent, S, which is not an ingredient 
1 d. Drapier, however, has apparently not followed up this 
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suggestion by publisbing any experimental support for the method. 
It seemed to the author, however, that this method was worth 
while investigating. 

Theort^dl . — ^Let us suppose that the depression of freezing 
point produced by dissolving a solute in a solvent is (1) propor- 
tional to the concentration of the solute, (2) inversely pro. 
portional to the molecular weight of the solute if equal weights of 
different solutes are compared ; let us suppose, further, (3) that a 
solute exercises its usual effect in depressing the freezing point of 
a solvent independently of the presence or absence of other solutes. 

Conditions (1) and (2) are approximately true for most dilute 
solutions. The effect of one solute on the depression of the freez- 
ing point of a solvent, when another second solute is present (3), 
has not yet been very thoroughly investigated, but in several in- 
vestigated cases (3) certainly does not hold quite true even in 
dilute solution (see preceding paper). In developing the theory 
of this process it will, however, be assumed in the first instance that 
(1), (2), and (3) hold good. Consider a liquid mixture A. The 
mixture A is made up of several ingredients, Aj, A 2 , dj, A^, etc. 

. . .An, It is requir^ to find out the percentage of the ingredient 
dj. The ingredient d, must be such that it is capable of being 
frozen at a convenient temperature. 

Obtain also a solvent, S, in which d is completely soluble; S 
must also be a substance (liquid) which can be frozen at a con- 
venient temperature. 

A smal l quantity, a, of the substance d is dissolved in P grams 
of the solvent S, and the depression in the freezing point of S 
noted. Call this i,. Also a quantity of the mixture d, say i 
grams, is dissolved in Q grams of the solvent d], and the depression 
in the freezing point of Ai=Aji, noted. 

Further, let a =04-1-03-1-05-1-04 . . ., where Oj, Oj, etc., are the 
weights of the several ingredients dj, A^, etc., in 0; let 
J = 6 i-I-J 2-I-J3-|-54 . . where 5„ b^, etc., are the weights of the 
ingredients d,, dj, etc., in 5; let A,=the cryoscopic constant for 
the solvent, S, that is, the depression produced in the freezing 
point of S by dissolving in 1000 grams of S one gram-molecular 
weight of any solute; let A2=the cryoscopic constant for the 
solvent djj let mj, mj, nij . . . be the molecular weights of the 
constituents dj, d2, dj . . ., then 

A = /“l. -h "52- -p ?l-i- V ■ (1) 

' P \OT, mj JUj / 

and 


ioooir,/t, 

^ . (2) 

Q + b^ Vmj TO, 

/ 
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Now if alb = r, (2) beeomeo 
1000 K, 


^-<1 = 


(y+i>i 

Multiplying equation (1) by 


q)r • \m. 


+ — + 

m. 


■)' 


( 3 ) 




K^ik, _ XjSjXlOOO a, 

(y + ii)i P P.(y + i,).r m, 

• a = 

‘ Z ,(1000 + 


(i) 


It has, however, been pointed out (see preceding paper) that in 
dealing with ordinary concentrationa, the weights of solvent should 
not be taken as F and (Q + b^), but that these values should be 
corrected by the addition of a term depending on the weight of 
solute present. P would then become 

P + + §2% + 33^3+ . . ., 

where Jj, Jg, Ss • • • are constants for each ingredient of the 
80 late=P+S®, where 5 is the average value of the constants 
•i, * 3 > ^4 for the several ingredients of the solute A . Similarly, 

^+5i would become $ + 6 i + v(bj+f>s+ 64 + . . .), where y is the 
average value of the correction factor for the solutes A^, 
is, etc. 

Formula (4) then becomes 

^ TOi[g2a,(Pt-Sa)-g,a.4,i(3+y(t-h ,)lr] , 5 . 

‘ Kj(l000 + • W 

It may be wondered bow the value for can be obtained for 
jisertion in this formula (5). To obtain this, a calculation of Oj 
IS first made, usinsr formula (4). Then 6,=Oj/r. This value, 
which is only roughly, but yet sufficiently, accurate is used for a 
more accurate determination of Oj, according to equation (5). 

The values of J and y can be obtained directly from the experi- 
ment used in determining 

In many cases it will be necessary to introduce a further correc- 
tion in the formula. It has already been pointed out in the pre- 
ceding paper that the depression of freezing points caused by a 
Dumber of solutes in one solvent is somewhat different from the 
®^pected value even after due allowance has been made by the 
correction in the amount of solvent as used in obtaining equation 
(5) from equation (4). 

The values of A, and should, then, be corrected further by 
30 amount which can only he determined by previous experiment 
oo the class of solute which is under investigation. 
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Let US use the correction factors (constants) JJ and F for A 
a^ ^Ar 

The pOTcentage of ilj in ^ is then 

a.ifj[l000jR:3 + A^^m,] ' 

Another correction which must sometimes be introduced is Jue 
to the fact that when is dissolved in the solvent the calcu- 
lated molecular weight may not be exactly twj, but some other 
value, say m\. This value, if appreciably different from n/j, 
should be substituted for The formula to be used is then: 
percentage of 

. 100 . + So) - + y{b - b,)}rV] 

' ^ ■ al,[i00affj + A^,ra,'] " '' 

lu considering what estimations the method might usefully bt 
applied to, the author thought that the determination of (a) 
benzene in light coal-tar oils was a suitable case, also (h) the deter- 
mination of cineole in eucalyptus oils. With regard to (a), the 
determination of benzene can be obtained approximately (1) bj 
distillation, (2) sometimes by direct determination of the freezing 
point, especially after addition of extra benzene, (3) by nitration, 
with subsequent determination of the products, but the method 
at present under discussion would sometimes be found more 
suitable. 

With regard to the determination of cineole in eucalyptus oils, 
the phosphoric acid method, although fairly satisfactory as a rule, 
requires a comparatirely large quantity of oil (10 grams). The 
resorcinol method has been used a good deal lately by H. G, Smith, 
hut he has informed the author that in certain cases it is not 
trustworthy. 

Ill the following experiments, as ordinary "Beckmann” type 
of thermometer graduated to 0'01° was used. 


Estimation of Benzene in Mixtures. 

The mixtures were used as solutes in depressing the freezing 
point of nitrobenzene and of benzene. 

for benzene=6’0; for nitrob6nzene=7'0. 

The results were calculated according to the formula : percentago 
of benzene = 

100 X 78(5 . A, . (P + 3-3a) . 1-018 - 7 . . {§ + l-4(i_;y MM-OOSj;] 
a. 7. [5000 + ^X 1 . 78] 
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Mixture A. 


The eompoation of the mixture was: bensene G8-8i toluene 
T5 per cent. w 


Table I. i 

Freezing-point Determinations ' 


in Nitrobenzene 

as Solvent. 

Percentage 

No. of solute. ♦ 

A,. 

1 1*010 

0*86 

2 2*159 

1*819 

3 2*974 

2-439 

4 4*070 

3-266 

5 5*211 

4-07 


Table II. 


Solvent^ Benzene. 

Percentage 
of .solute. 

Ail. 

1*580 

0-30 

3*941 

0*702 

6-541 

1*130 

9*22 

1*550 

11*88 

1*920 


Table III. 


Calmlation of Percentage of Benzene in Mixture A . 


Oliservations used. 

Table I. Table II. 

No. 1 No. 2 

3 .1 


Percentage 
calculated. 
GO- 6 
70-2 
70-4 


Mixture h. 

The camposition of the mixture was: bcu-icnc 15'd, tolueuc 6‘’'4 
flf-xyicne 212*3 per cent. ’ 


Table IV. 
Nitrobenzene. 


Solvent, 

Percentage 
No. of solute. 

1 1-383 

2 2-389 

3 3-853 

4 6-273 

6 6-287 


Ar- I No. 

1-040 1 

1- 900 2 

2- 800 3 

3- 891 4 

4- 323 6 


Table V. 


Solvent, Ben 

zeiie. 

Percentage. 

A.t,. 

1*392 

0-642 

3*131 

1-438 

4*844 

2-169 

6*409 

2-780 

7*734 

3-290 


Table VI. 

Oalculahon of Percentage of Benzene in Mixture B. 


Observations used. 


Table IV. Table V. 

No. 1 Ifo. 1 

2 2 

3 3 

4 4 


Percentage 

calculate. 


U1 

134 

14>9 

15-0 
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Mixture C. 

The composition of the mixture was : benzene 10*00, toluene 
61*48, TO-xylene 9*19, o-xylene 8*56, p-xylene 9*06, thiophen I 7i 
per *cent. 


Table VII. 
Solvent, Nitrobemene. 
Percentage 

No. of solute. A,. 

1 1 193 0-898 

2 2-302 1-684 

3 3-627 2-677 


Table VIII. 



Percentage 


No. 

of solute. 


1 

1-488' 

0-737 

2 

2-925 

1-417 

3 

4-248 

1-980 


Table IX. 


Calculation of Percentage of Benzene in Mixture C. 
Observations used. 

. ' . Percentages 

Table VII. Table VIII. calculated. 

1 1 8-3 

3 3 10-2 


Estimation of Cineole in Mixtures. 

The mixtures were made of cineole, pinene, and f-B-phellandi-ene, 
The mixtures were used as solutes in depressing the freezing 
points of benzene and of cineole. 

X] for benzene=5*0; A'j for cineole=6*7. 

The results were calculated according to the formula : percentage 
of cineole = 


100xl46r6-7. l*02.A,.(100-fl*7o) 

- 5-O x 1-04.A.) ,. {100 + 1*7(6- i )|K] 

o:^6700 + Ai,.116] " 

It will be noticed that 146 (obtained by experiment) was used 
for the molecular weight of cineole in benzene, instead of 164, tie 
theoretical value. 

Mixture D. 


The composition of the mixture was; cineole 67*1, pinene 17*3, 
phellandrene 15*4 per cent. 

Table X Table XI. 


Solvent, Benzene. 


Solvent, Cineole. 

Percentage 
of solute. 
1-887 

3-948 

5-759 

A,. 

0- 642 

1- 313 

1-881 

No. 

1 

2 

S 

Percentage 
of solute. * 
3-59 

8-20 

13-72 

AS,. 

0- 568 

1- 262 
2-051 
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Table XII. 

Calcui(^ion of Percentage of Gineole in Mixture 1). 
ObBervatioos used. 


Table X, 
1 
2 
3 


Table XI. 
1 
2 
3 


calculate. 

67- 2 

68- 5 
67-8 


Mixture E. 


The composition of the mixture was: cineole 29*2, pineue 37-6, 
ihellandrene 33'2 per cent. 


Table XIII. 


Table XIV. 


Solvent t Benzene. Solvent^ Cineole. 


No. 

Percentage 
of solute. 


No. 

percentage 
of solute. 

A.ij. 

1 

1'786 

0-633 

1 

1-48 

0-518 

2 

3*57 

1-244 

2 

3-957 

1-366 

3 

5-39 

1-832 

i 3 

6-63 

2-210 


Table XV. 

Calculation of Percentage of Cineole. 


Observations used. 


Table XIII. 
1 
2 
3 


Table XIV. 
1 
2 
3 


Porcontago 

calculated. 

28- 4 
28- 1 

29- 4 


Mixture P. 

The composition of the mixture was: ciiicole 54'3, pineno 24‘3, 


pMlandiene 31-4 per cent. 



Table XVI. 

1 

Table XVII. 

Solvent, Benzene. 

i 

Solvent^ Cineole. 

Porcentage 

1 No. 

Porcentage 

No, of solute. A,. 

of solute. AAp. 

1 1-708 0-599 

i 1 

2-124 0-479 

2 3-596 1-219 

! 2 

7-680 1-656 


Table XVIII. 

Calculation of Percentage of Cineole in Mixture F . 
Observations used. 

r ’ — . Percentage 

Table XVI. Table XVII calculated. 

1 1 55-0 
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From these results, it will be seen that the calculation yields 
figures which are within about 2 units of the true percentage 
This error is completely accounted for by errors W exparimeut 
more particularly the reading of the thermometer. It is not 
possible to be sure that the calculated percentage is any nearer 
to the true result than this, using the Beckmann freeaing-poiat 
apparatus in the ordinary way. As unknown mixtures might in 
some cases contain unknown ingredients, it would be impossible 
unless with previous experience with similar mixtures, to know 
the values of XJ and V in equation (7), and any tentative value 
used for V or V might result in a rather large error in the calcn. 
lated percentage. In certain cases of this kind experimented on 
the error in the percentage was as high as 8 units. The error is 
stated above as so many units, because in the formula (7), for the 
calculation of the percentage of Ay, one term containing h 
subtracted from another containing At, giving a number wiidi 
varies directly as the final result (percentage of ij). It is not 
therefore possible to express the error of experiment as a per- 
centage. 

Summary. 

The method of estimating an ingredient ^ substance A kj 
finding the freezing-point depression of d in A, (as solvent), and 
also in some other solvent, S, may be applied in special cases 
where it is possible to experiment previously with samples of sub- 
stance somewhat similar to A. The percentage of Ay can then 
be determined in certain cases to an accuracy of about two units 
with the ordinary freezing-point apparatus. 

When it is not possible to experiment with the same class of. 
substance beforehand, the method of determination is liable to 
give a result with a much larger error. The method can there- 
fore only be recommended when (1) there has been previous ex- 
perience with the same class of substance, or (2) when other 
possible methods of determination are not capable of a greater 
degree of accuracy, or (3) where other methods require for their 
successful application a larger quantity of substance than is avail- 
able. The freezing-point method already described requires for 
ite successful application about 1 gram of substance, but it is mi* 
satisfactory if a larger amount, say 4—6 grams, is available. 

I wish to thank Mr. C. H. Fischer for carrying out the experi- 
mental work in this paper. 

Chxuical Depautkeht, i uiiel 

UmvEBSiTY or SxnirBY. [Beceived, April Hih 
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LXIII . — The Constitution of the Disaccharides. 
Part III. Maltose. 

By WAiTEH Nohkan Hawohth and Grace Gumming Leitoh. 

iiUtTOSE is a reducing sugar which yields, on hydrolysis with 
dilute acid or with the enzyme maltase, two molecular proportions 
of glucose. Consequently, it is regarded as a biose having the 
reducing group of one glucose molecule united through an 
anhydride linking with a second glucose residue. Confirmation 
of this view is found in the oxidation of maltose to maltobionic 
acid which gives rise on hydrolysis to glucose and gluconic acid 
(Fischer and Meyer, Ber., 1889, 22, 1941). 

No evidence has hitherto been available indicating which of 
the hydroxyl groups of the second glucose residue is involved in 
this union (see formula I). The present authors have shown in 
Part II of this series of communications (T., 1918, 113, 188) that 
in lactose the reducing group of the galactose residue is linked with 
the hydroxyl group of the penultimate carbon atom of the glucose 
molecule. The possibility that this mode of linking was present 
also in maltose appeared improbable in view of Hudson’s observa- 
tion (/. .4mcr. Chem. Soe,, 1916, 38, 1566) that lactose exhibits 
a close parallelism with cellobiose and not with melibiose, to which 
a different constitution has been assigned (Haworth and Leitch, 
he. at.). There was, however, no. definite ground for excluding 
this possibility in the case of maltose, nor, indeed, for assuming 
that any one hydroxyl group attached to the third, fifth, or sixth 
carbon atom from the reducing end of the second glucose chain 
could not equally well be concerned in the union of the two mole- 
cules of the hexose. 

In the course of the present investigation, this uncertainty has 
been removed, and it has been shown that maltose must have the 
constitution indicated below, and thus corresponds structurally, 

j-CH 0 CHj rCH 0 CHj 

IcH-OH CH-OH IcH-OH CH-OH 

'i’cH-OH I OH ?CH'OH rCH 

I CHL-OH lCH jIjOH-OH 

CH'OH VoH-OH (jH-OH I CH-OH 

CH,-OH i-CH-OH CHj-OH KIH-OH 

(Fust (Second (Galactose (Gluooee 

glucose glucose residue.) residue.) 

residue.) teeidne.) 

(I) Maltose. Melibiosei 
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among the diglucose disaccharides, with melibiose of the glucose- 

galactose class. . . , ■ , 

This constitution assigned to maltose is adentnal with the 
current provisional formula which has found expression in recent 
text-books, and was proposed, along with alternative formute, hy 
Fischer (" Untersuchungen fiber Kohlenhydrate und Fermente,” 
1884—1908, p. 92). 

Following the general lines indicated in the previous research 
on lactose {loc. cit.), the methylaUon of maltose was efiected by 
the agency of methyl sulphate and sodium hydroxide, and, as a 
precautionary measure designed to ensure that methylation was 
complete, the material isolated from this reaction was finally sub- 
mitted to an alternative treatment with Purdie s reagent, namely, 
silver oxide and methyl iodide. Eight methyl groups were found 
to have been introduced into the maltose molecule, and hepta- 
methyl methylmaltoside (VII), corresponding in the degree of sub- 
stitution with the known octa-acetylmaltose, was isolated as a 
colourless gum, which distilled as a mobile syrup at 189-190"/ 
0'09 mm. The compound was soluble in water and did not 
reduce Fehling’s solution. It dissolved freely in methyl or ethyl 
alcohol or acetone, and showed [«]i, +89’6' the equilibrium value 

for maltose itself being 137’7°. • j ■ 

There can be little doubt, in view of other results obtained m 
methylating reducing sugars with methyl sulphate, that this sub- 
stance is chiefly the (5-form, containing also the stereochemical 


a-raodification. , , , , -ti. c . 

When heptamethyl methylmaltoside was hydrolysed with 5 i*r 
cent, aqueous hydrochloric acid for three hours at 85-WO a nur- 
ture of tetramethyl and trimethyl glucoses was obtained as th. 
product of cleavage. This was a mobile syrup, and the separation 
oi the two constituents was effected by careful fractionation in ft 
high vacuum of the Gaede pump. Two pure fractions odleoW 
at 131°/0-3 mm. and at 171«/0-23 mm., were isolated along wift 
the transition fraction distilling at temperatures intermediate 
between these Umits. From the transition fraction as w 11 b 
shown later, more of the pure fractions was j. 

fraction, distilling at the lower temperature, crysta Used immj 
ately on nueleatiou with a crystal of tetramethyl \ 

and its complete identity with the latter substance w provdj 
determination of the melting point and also of that of 
with an authentic specimen -w of the 

rotation of the specimen derived from the y y ^ 
methylated methylmaltoside was in agreement with the 
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equilibrium value, whicli is [o]|> +83°. We can therefore confirm 
the similar observation made by Purdie and Irvine (T., 1905, 87, 
1029), who also isolated this compound from the product obtained 
by methylating maltose with silver oxide and methyl iodide. 

The identification of the substance distilling at 171°/0'23 mm. 
presented greater difficulty. The analytical results were in agree- 
ment with the formula of a trimethyl glucose. It reduced 
Tehling’s solution, and its comparative stability towards perman- 
ganate indicated that it was a reducing sugar of the butylene oxide 
type. It did not crystallise after nucleation with a specimen of 
the trimethyl glucose isolated from the hydrolysis of heptamethyl 
inethyl-lactoside (Haworth and Leitch, loc. dt.), and failed to give 
an osazone with phenylhydrazine.' Of the four formulse possible 
for a trimethyl glucose of the butylene oxide type, those numbered 
III and V may for these reasons be excluded from immediate con- 


sideration. 




rCH'OH 1 

-CII'OH 


I'qH-OH 

IjOH'OMe 1 


^CH-OMe 

CH-OMe 

jUII’OMe 

(JH-OMe 

ICH-OH 

1 CH-OMe 

"CH 

"CH 

i-on 

‘-CH 

CH'OMe 

CH-OMe 

CH-OMe 

CH-OH 

C'Hj'OH 

CHj'OMe 

0H,-OMe 

(jHj’OMe 

(11.) 

(III.) 

(IV.) 

(V.) 


Moreover, it is clear from the presentation of these four possible 
formula that if proof could be found for the presence of a free 
primary alcohol group in the trimethyl glucose isolated during 
this investigation, this fact would definitely determine the con- 
stitution of the trimethyl hexose, as this terminal hydroxyl group 
is only present in formula II. 

Accordingly, the trimethyl glucose was carefully oxidised with 
dilute nitric acid (D 1’2), and a liquid carboxylic acid was isolated 
which was shown also to be a lactone. On titration with A’/ 10- 
alkali, an apparent neutral point was reached when rather less 
than one molecular proportion of alkali was introduced, and its 
behaviour on the subsequent addition of more alkali showed that 
^ lactone ring was undergoing scission. Two molecular propor- 
hcias of alkali were needed for complete neutralisation. The 
analytical data indicated that the lactonic acid had the molecular 
formula CgHi 407 , and contained three methoxyl groups. Its con- 
stitution can therefore only be represented by formula VI, and 
consequently the formula of the trimethyl glucose, from which by 

H H 2 
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oxidation the lactonic acid was obtained, is represented bj 
formula II. 


rCH-OH 


rCO 

^CH-OMe 

1 CH-OMe 

Oxidfttioii, 

IjCH-OMe 

1 CH-OMe 

Lch 



Leu 

CH-OMe 


CH-OMe 

CH,-OH 


(iOjH 

(IL) 


(VL) 


The product of oxidation is thus trimethyl saccharo-monolactcne, 
and the primary alcohol group -is shown to be present in the tri- 
methyl glucose, since only such a group could undergo oxidation to 
a carboxyl group. This primary alcohol group has become exposed 
during the dissolution of partnership with the second methylated 
glucose residue occasioned by the hydrolysis of the biose. 

The change in rotatory power, characteristic of lactones of the 
sugar series, was observed in the. case of the lactonic aoid. Is 
aqueous solution, the value decreased from [a]B+78° to -tdO” 
during four hours. In contact with a trace of hydrochloric acid, 
the value increased again to +66°. 

A molecular weight determination in acetone solution by tie 
ehullioscopic method gave the number 242, which is m fairly close 
agreement with that required (234) for the molecular formula 
CjH,407. 

' The behaviour of heptamethyl methylmaltoside (VII) on hydro- 
lysis must therefore be formulated by the scheme outlined below, 
the dotted lines indicating the points of cleavage: 


HOH 


[CH 0— ; CHj 

^!jCH-OMe 

OH-OMe 

1 CH-OMe 

,6h 

■-CH 

i CH-OMe 
VcH-OMe 

CH-OMe 

(iHj-OMe 

'(iHOMe 

OHH 

Heptamethyl 

methylmaltoside. 


(VII.) 


+2H,0 
+ 


rCH-OH CHj'OH 

lj(ilH-OMe CH-OMe 
jC!H-OMe rOH 
LcH ICH’OMe 

(jn-OMe I CH-OMe 
CH,-OMa lCH-OH 


Tetramethyl Trimethyl 
glucose. glucose. 

(vni.) (H) 


Inasmuch as ordinary crystalline maltose is hydrolys^ by coo 
tact with the enzyme maltase and not by emulsin, the disacchari e 
is to be regarded as glucose-a-glucoside, and since it exhibi s 
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upward mutarotafcion and belongs to the (^-series, it may be 
described stereochemically as 5-gIucose-o-glucoaide, and is struc- 
turally represented by formula I (p. 809). woMaltose has prob- 
ably the same structure, but is a glucose-3-glucoside. Maltose 
resembles m^biose in its behaviour (Ban, Ghent. Zeit 1897 21 
186), and so also eellobiose has properties in common with lactose 
(Hudson, loo. c*<.). Definite structural formula have been assigned 
to one member in each of these pairs of disaccharides, namely, 
lactose and maltose, and it is. legitimate, therefore, to' assign a 
provisional structural formula to eellobiose (IX), especially in view 
of the fact that Denham and Woodhouse isolated from methylated 
cellulose on hydrolysis the same crystalline trimethyl glucose as 
the present authors obtained from methylated lactose (T. 1917 
111, 244; 1918, 113, 188). This eellobiose formula is of the same 
dj'uctural type as lactose ; 

CHj-OH 

j-CH 0 CH 

^CH-OH rCH 

I OH-OH 

-CH ICH-OH 

CH-OH 'cH-OH 

CHj-OH 

Celia biose. 

(IX.) 

Experiments are at present in progress to confirm this pro- 
.isional constifcution. 


Experimental. 

Mdhjlation of MuHose with Methyl Sulphate: Preparation of 
Ileptametkyl M et liylmaJ.loside. 

Maltose (30 grams) prepared by the action of barley diastase 
111 potato starch was dissolved in the minimum volume of warm 
rater. To the cooled solution methyl sulphate (28-5 c.c.) was 
ddsd, and a 30 per cent, solution of sodium hydroxide (29 c.c.) 
ras introduced very gradually with stirring. During the addition 
' the latter, the temperature was maintained at 35 — 40°, and 
6 mixture kept overnight. The reducing action of the maltose 
offards Fehling's solution had then completely disappeared, and 
“ ylnialtoside had obviously been formed. The methylation of 
9 remaining hydroxyl groups was effected at 70°, and the solu- 
m maintained faintly alkaline throughout. Methyl sulphate 
r c.) was added slowly at this temperature with efficient 
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mechanical stirring, and simultaneously 30 per cent, sodium hylr- 
oxide (82 c.c.) was introduced. It is important that the reagents 
should he added very gradually; a separate dropping funnel was 
kept for each reagent. The second part of the methylation, whid 
has iusb been described, occupied one and a-half hours, after which 
the temperature was raised to 100» for half an hour. Extractioa 
of the methylated maltoside with chloroform yielded, after drying 
over anhydrous magnesium sulphate and distillation of the solvent, 
39 grama of a crude, straw-yellow, syrup. This was subjected to 
another similar methylation at 70° with methyl sulphate and, 
after careful removal of the whole of the chloroform used for tie 
extraction, the residue weighed 28-2 grams. 

By distillation in the high vacuum of the Gaede pump, 23 grams 
of a colourless syrup were collected at about 195°/0-28 mm. In 
order to ensure complete methylation of all the hydroxyl groups, 
this product was again methylated with alternative reagents, 
namely, with silver oxide and methyl iodide. The material to 
isolated in the usual way after this treatment, and yielded a colour- 
less syrup distilling at 187°/0-06 mm. All the still residues to* 
again methylated, and provided a further quantity of the requind 
product At this stage, the material from several preparations 
was combined and redistilled, when almost the whole distilled al 
189_190 o/ 0'09 mm., and showed 1-4698. The compound to 
devoid of any reducing action on Fehling’s solution, and behaved 

as a glucoside. , 

A methoxyl estimation indicated that complete methylation hid 
taken place, eight methoxyl groups having been inserteii in tie 


maltose residue: 

0-1290 gave 0'2493 COj and 0-0957 H.O. C=52'7; H=8-24, 
0-0995 „ 0-4034 Agl. OMe=53-52. 

C, 2 Hi 403 ( 0 Me )8 requires 0 = 52-86; H = 8-37; OMe = o4-63 pet 
cent. 


The specific rotation of the heptamethyl methylmaltoside « 
determined in various solvents as follows: 


Solvent. 
Methyl alcohol . 
Ethyl alcohol ... 

Acetone 

Water 


c. 

1-313 

1-395 

M73 

1-345 


Od- 

+ 89-6® 
+ 89-6'’ 
489 - 5 ’’ 
+ 81-4“ 


As the specific rotation in water appears slightly lower than »■ 
expected, an opportunity will he taken to confirm this va ne. 
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Hydrolysis of H eptamethyl Methylmaltoside. 

Preliminary experiments indicated that the hydrolysis could best 
be effected with 5 per cent, aqueous hydrochloric acid solution at 
86—100°. These conditions were also observed with the main bulk 
of the material, weighing 30 grama, which was dissolved in 400 e.c. 
of dilute acid of the above concentration. The solution was heated 
for one and a-half hours at 85°, and for a similar period at 100°. 
The mixture showed an initial rotation of a +12'9°, and the final 
reading was 9-8°. Further heating of a small sample of the solu- 
tion produced no change in the rotation value. The procedure 
for the isolation of the products consisted in neutralisation with 
excess of barium carbonate, followed by filtration and evapor- 
ation of the filtrate under diminished pressure, when a syrup con- 
taminated with barium chloride was obtained. The mineral 
matter was removed by extraction of the syrup with alcohol. 
Alter removal of this solvent, the residue was extracted with ether 
and the ethereal solution distilled. The syrup isolated in this 
ii-ay weighed 25 grams, and was carefully fractionated in a high 
vacuum. 

Fraction I.— B. p. 120— 131°/0-3 mm. Weight, 8-2 grams, 

)j If. B. p. 131 — 155°/0*23 mm. Weight, 8*4 grams. 

„ III.— B. p. 171°/0-23 nun. Weight, 5'4 grams. 

The first of these fractions crystallised immediately on nuclea- 
tion with a specimen of tetramethyl glucose of the butylene oxide 
form. Fraction II was obviously a transition fraction which partly 
crystallised, and from it further quantities of the first and third 
fractions were ultimately obtained by repeated distillation. 
Fraction III had a boiling point which corresponded with that 
of a trimethyl hexose. All the fractions were colourless syrups 
which failed to give osazones and were not easily oxidised with 
permanganate. A recrystallisation of fraction I produced the 
easily recognisable needles of tetramethyl glucose, and its identity 
with this compound was shown by the rotatory power (see Purdie 
and Irvine, T., 1904, 85 , 1049), which was [a]„ +83° (equilibrium 
value) in water. Moreover, the melting point was correct for this 
substance, and a mixed melting-point determination showed no 
depression. The isolation of this substance from methylated 
maltose confirms the earlier observation recorded by Purdie and 
Irvine (T., 1905, 87 , 1029). 

An analysis of fraction III, which showed Hp 1-4792, gave thq 
following results ; 



816 THE CQHSTiTUTION OP THE DISAOCHARIDBS. PART HI. 

0 1394 gave 0-2480 COj and 0-1060 HjO. 0 = 48-52; H = 8 02, 
CjHijOj requirea 0=48 62; H=8-ll per cent. 

An estimation of the methoxyl content characterised the sub- 
stance as a trimethyl hexose: 

01120 gave 0-3627 Agl. OMe=41-6. 

C,H503(0Me)3 requires 0146=41-9 per cent. 

The specific rotatory power of the trimethyl hexose was deter- 
mined as follows: 


Solvent. c. 

Methyl alcohol 2-123 

Acetone 2-151 

Water 1-816 


«D- 

-1-67-9° 

-1-61-4° 

-f 69-3° — 71-0° (final value] 


Oxidation . — With the object of determining the constitution of 
this hexose derivative, which clearly must represent one of the 
glucose residues of the maltose molecule, and therefore must be 
a trimethyl glucose, 3-5 grams of the substance were oxidised by 
gentle digestion with 40 c.c. of dilute nitric acid (D 1-2). To 
initiate the reaction, the temperature was maintained at 80° for 
a few minutes, and thereafter at 68° for three and a-half hours. 
Nitrous fumes had ceased to be evolved by this time, and the 
solution was almost colourless. The water was evaporated under 
diminished pressure at 35—40°; more water was repeatedly 
added during this procedure, and the solution again concentrated 
with the view of removing the whole of the nitric acid. Similar 
treatments with ethyl alcohol, followed by evaporation in a 
vacuum, served to eliminate the mineral acid, and the procedure 
was repeated with dry ether. Finally, a pale yellow syrup ms 
obtained, which was dried and prepared for analysis by heating 
at 90° in a vacuum while passing through it a current of dry sir. 
The weight of this oxidation product was 2-7 grams : 

0 1094 gave 0-1847 COj and 0-0618 H.O, C=46-03; H = 6-26, 

0-0999 „ 0-2720 Agl. OMe=35-9. 

Cf,H504(0M6)3 requires C = 46-15; H=60; OMe = 39-7 per ceni. 

From the above figures, the substance appeared to be a trimetbyl 
saccharolactone, and this view was confirmed by titration with 
alkali. 

0-0995 Gram was dissolved in dilute alcohol and rapidly 
titrated with A/lO-sodium hydroxide, using phenolphthalein «s 
indicator. When about 4-5 c.c. of the standard alkali had been 
added, the colour of the indicat-or remained for a few minutes and 
then disappeared. With each subsequent addition of alkali up 
to the amount of 9 c.c., the same phenomenon was ohservM. 
Excess of alkali was now introduced and the solution heated m 
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half an hour, and 6 nally titrated to neutral point with standard 
acid. The amount of i?/10-sodiam hydroxide required for the 
complete neutralisation was 9-8 o.c., whereas a lactonie acid of the 
formula C 9 H 14 O 7 requires 9-7 c.o. 

The specific rotation of trimethyl saccharolactone was determined 
in aqueous solution, and showed [o]n78° falling to the value +40° 
after four hours. On catalysis with a trace of hydrochloric acid 
the value again increased to +56°. A molecular weight deter- 
raiuation in acetone solution by the ebullioscopio method gave 
the number 242, whilst the molecular weight required by the 
formula of the lactonie acid, CjHyOj, is 234. 

The authors are grateful to the Carnegie Trust for the grant of 
a Research Fellowship to one of them. 

Uhitet) CorjtrsOE or St. Salvator and St. Leosard, 

DmvEBstTY or Sr. Andrews. 

[Received, June 2mi, 1919.] 


\11V -Condensalion of Deoxyhenzoin and Aldehydes. 

By Ananda RlTsore Das and Brojendra Nath Ghosh. 

It has been shown that aromatic o-hydroxy-aldehydes condense 
with substances containing -CO-CHs-CO- groups as in l:3-diketo- 
hydrindene (Sastry and Ghosh, T., 1915, 107, 1442), and in acetyl 
or benzoyl acetone (Chatterjee and Ghosh, T., 1918, 113, 444 ) to 
form pyranol derivatives of the type 


-CO 

/CH, 

-CO 


chSQ 


oci 




In order to extend this investigation, a substance of a similar 
type, namely, deoxybenzoin, was employed. In this case, instead 
ot a •CO-CH.,-CO- group, a -CH;- group is situated between one 
tU* group and tlie other phenyl group. 

Several investigators have studied the interaction of benzaldehyde 
»iid deoxyhenzoin, both acid and alkali being used as condensing 
agents (Japp and Klingeraann, Ber., 1888, 21, 2935; Knoevenagel 
ud Weissgerber, Ber., 1893, 26, 337; Stobbe and Niedenzu, Ber., 
) 34, 3897; Klages and Tetzner, Ber., 1902, 35, 3971). 

S our object was to synthesise pyranol derivatives, we began 
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with the condensation of salicylaldehyde and deoxybenzoin. It 
appeared that in the presence of alkali hydroxides, the condensa- 
tion might proceed in the following way : 



giving salicylidenedeoxybenzoin, which in the presence of hydrogen 
chloride might yield 2 : 3*diphenylbenzopyronium chloride (I). 

OCl 

PhC<^\/\ 

CH 

(I) 

Accordingly, we conducted the reaction in the presence of alkali 
hydroxide, but found that no condensation took place under tke 
conditions of the experiment. With hydrogen chloride, however, 
we obtained the desired compound. Decker and von Fellenberg 
(AnnaUn, 1909, 364, 31) obtained the corresponding ferrichloride. 

It was also found that no interaction took place between 
2 >hydroxybenzaldehyde and deoxybenzoin in the presence of alkali 
hydroxide, but with hydrogen chloride the condensation product 
was formed ; it could not, however, be obtained in a pure state. 

Failing to obtain condensation products in the above two cases 
with alkali hydroxide, we extended the experiment to other 
aldehydes, such as anisaldehyde, piperonal, and p-tolualdehyde, 
using both alkali hydroxide and hydrogen chloride as condensing 
agents. In each case, a distinct condensation product was isolated. 
At present we are not in a position to offer an explanation of tke 
apparent inactivity of o- and p-hydroxybenzaldehyde and deozy- 
benzoin in the presence of alkali hydroxide, but hope to deal with 
this point in a future communication. 

Experimental. 

Attempted Condensation of SalicykMekydc and Deoxybenzoin id 
the Presence of Alkali Hydroxide. 

1'2 Grams of salicylaldehyde and deoxybenzoin were dissolved in 
methyl alcohol, and to the mixture 3 grams of potassium hydroxide 
dissolved in 5 c.c. of water were added. The whole was then 
heated for two hours. A clear solution was obtained which, on 
the addition of water, gave a crystalline substance. This was 
collected, and the solution was acidiHed, but no solid substance 
separated. 
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2 ‘.^-Bip}itnylhemopyroniuiii Chloride (I). 

A solution of 2 grams of deoxyben 2 oin and 1*2 grams of salicyl- 
aldehyde in methyl alcohol was saturated with dry hydrogen 
chloride. The colour of the solution changed from yellow to pink. 
It was kept overnight, but no precipitate separated. On the addi- 
tion of very dilute hydrochloric acid, a dark red substance 
separated, which was dissolved in alcohol and reprecipitated ' by 
the addition of dilute hydrochloric acid, collected, washed with 
dilute hydrochloric acid, and kept in a vacuum over potassium 
hydroxide. On long keeping, it gradually became viscid. A por- 
tion of it, which was crystalline, was analysed r 
0-1668 gave 0-4827 CO.j and 0-0750 H^O. C— 78'9; H=5’0. 

C 21 H 15 OCI requires C = 79'l; H = 4-7 per cent. 

The compound darkens at 85° and melts and decomposes at 176°. 


Attempted Condensation' of p-IIydroxyhenzoldehyde and 
Deoxyhcnzoin in the Presence of Alkali Hydroxide. 

A methyl-alcoholic solution of 1'2 grams of p-hydroxybenz- 
ftldehyde and 2 grams of deoxybenzoin was heated for about an 
hour with 3 grams of potassium hydroxide dissolved in 5 c.c. of 
water. A clear liquid was obtained, which wis acidified as before, 
hut nothing separated. 

A condensation product was, however, obtained with hydrogen 
chloride as the condensing agent, but this compound could not be 
crystallised, and as it melted very indefinitely (170 — 185°), it 
appeared to be a mixture which could not be easily separated. 


a-p-Methoxybenzylideivedeoxyhenzoin. 

A current of dry hydrogen chloride was passed through a methyl- 
alcoholic solution of molecular quantities of anisaldehyde and 
deoxybenzoin for a few minutes. After allowing the solution to 
remain for two days, a crystalline substance separated, which was 
collected and recrystallised from alcohol. It separated in colour- 
less needles melting at (Found: C — 83‘77; H=5‘8. 

requires C = 84'09; H=5'70 per cent) 


'^-Methoxy-a-chlorohenzyldeoxyhenzoin. 

This was prepared by supersaturating a methyl-alcoholic solu- 
lioG of molecular quantities of anisaldehyde and deoxybenzoin with 

H H 2 * 



820 CONDBNSATIOIf DP DKOXYBENZOm AND ALDBHYDKS. 

drv hydrogeu oUoride. The subsUnce began to separate at once 
from the solution, and was coUected ne*t day. It wasreorysW. 
Used from acetic acid, when it separated in colourless 
ing and decomposing at 152° (Klages and Teten^ gwe 144). Os 
titing the substance, it was found 

C = 75-50; H = 5'60. CkHiACI requires C = 75 40, H-5 40 per 
“jt may he noted here that 3 : 4-m6thylenedioxy-«Hjhlorobenzylde. 

cxybenzoin and p-methyl-a-chlorobenzyldeoxybenzom were snnilatl, 

obtained. 

3 : i-Methylenedioxybenzamarons, 
CH,<^G.H.-CH(CHPh-COPh),. 

This was prepared by heating a methyl-alcoholic solution of 
4 grams of dLxybenzoin and 1-5 grams of piperona with 3 gran* 
of^potassium hydroxide dissolved in 5 c.c. of water The suV 
staL which separated was collected, washed, and from 

acetic acid, when colourless needles melting at 243 24 wen 

"■■gave 0-4031 CO, and 0-0673 H,0. C=82-38; H=5-ta 
requires C=82-40; H = 5 30 per cent. 

p-Methylhemamaroiie, CoH4M6-CH(CHPh'COPh),. 

This was prepared by boiling a methyl-alcoholic solution of 
1-2 grams of p-tolualdehyde and 4 grams of deoxybenzom will 
3 graCof potLsium hydroxide in 5 c.c. of water. The substano. 
SaTL^d from acette acid in colourless needles melting h 

''Misgave 0-3461 CO, and 0-0676 H,0. 0 = 85-50; H = G-80. 

requires C = 85-80; H = 6-30 per cent, 

In conclusion, we beg to thanh Principal J 

his keen interest in this work, and also the Chemical See y 
a grant which has defrayed part of the expenditure. 


TsD Chemical Labobatoby, 
OoTTOir College. Gaubati 
Assam, Ikdia. 


[BecetvaJ, January 13A, 01*! 
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LX,V . — Condensation of Deoxybenzoin with. Aromatic 
Aldehydes. 

By Bawa Kabtae Singh and Jatindra Kumas Mazumdab. 

HIS work was undertaken with the object of extending the 
nalogy which existe between deoxybenzoin and 1 ; 3-diketones, 
lasmuch as both these substances may be condensed with aryl 
Idehydes by Knoevenagel’s reaction. In the case of deoxybenzoin, 
t is the negative phenyl group that influences the reactivity of 
he hydrogen atoms of the methylene group, and thus acts similarly 
0 one of the carbonyl groups in the 1 ; S-diketonee : 


CO'CH,-CO- -1- R-CHO 


CO-C-CO- 

R-CH 


CsHs-CHs'CO-OjHj -t R-CHO 


C,H,-C-CO-CeH, 

R-CH 


With this. object in view, several aryl aldehydes, namely, salicyl- 
aldehyde, p-hydroxybenzaldehyde, 2-naphthol-l-ald6hyd6, cinnam- 
aldehyde, vanillin, o-aminobenzaldehyde, p^imethylaminobenz- 
aldehyde, piperonal, and o- and p-nitrobenzaldehyde* were con- 
densed with deoxybenzoin through the agency of hydrogen chloride, 
alcoholic potassium hydroxide, and diethylamine. 


IfOPh ^ 
CHjPh 


X 



COPhOH/\ 
6ph=CHl J 
(!•) ^ 



(H.) 


* It waa subsequently found that deoxybenzoin had already been 
ondensed with piperonal, and o- and p-nitrobenz^debyde by Stobbe and 
^‘Iboq {Atinalen, 1910, S74, 237) ; these compounds are therefore omitted 
Nm this paper. 



S23 aiKGH AND MAZUMHAR: rOITDRNSATION OP 

In the course of this work, it. has been observed that different 
results are obtained by condensing deoxybenzoin and salic?!. 
aldehyde with hydrogen chloride at 0® and at 27° At 0°, salicyl- 
idenedeoxybenzoin (I) is obtained, whilst at 27° pyranol formation 
takes place, as previously observed by Decker and von Fellenberg 
(^Annalen, 1909, 364 , 1). These authors isolated the product in 
the form of the ferrichloride, but we isolated the hydrochloride (Hj 
direct. 


Expehimental. 

Salicylidenedeoxyhenzoin (I). 

0’8 Gram of salicylaldehyde was mixed with an alcoholic solu- 
tion of 1 gram of deoxybenzoin. The mixture was cooled in ice 
and saturated with dry hydrogen chloride, when the colour of tte 
solution changed to dark brown. The mixture was kept for two 
to three days, when an amorphous, brown precipitate formed, 
which was collected and crystallised twice from dilute alcohol. 
The substance darkens at 120° and melts at 160°. It is soluble 
in alcohol or acetic acid, but insoluble in water: 

0‘1850 gave 0’5686 CO^ and 0T042 II^O. C = 83'6; H=6'0. 

CaiHjgOj recjuircs C — 84-0; H— 5’40 per cent. 

0'2 Gram of the substance was boiled under reflux with 10 c.c 
of 50 per cent, alcoholic potassium hydroxide for two hours. The 
substance dissolved with change of colour. On cooling and 
acidifying with dilute hydrochloric acid, the original substance 
was precipitated. 

Condensation of salicylaldehyde with deoxybenzoin could Dot 
be effected through the agency of potassium hydroxide, althougb 
various methods were tried. 


2:d-Dlpk€nylhetisopyronium Chloride (II). 

I'. 5 Grams of salicylaldehyde were mixed with 2 grams of deoxy- 
benzoin dissolved in a small quantity of methyl alcohol Dry 
hydrogen chloride was then passed through the mixture for two 
hours at 27°; a very bright deep red coloration was developed, ani 
the solution acquired a syrupy consistency. On keeping for t«ii 
days, red, needle-shaped crystals separated. They were collectsfi 
and recrystallised from dilute acetic acid containing a little hydro- 
chloric acid, when they formed red needles melting at 100°. Th 
substance is soluble in alcohol or acetic acid, but insoluble w 
water : 
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O gave 0’4582 COj and 0-0700 H^O. C = 80'6; H = 5'0. 

CsiHijOCl requires C=79-l; H=4'7 per cent. 

0-5 Gram of the above pyrano! compound was dissolved in alcohol 
and boiled under reflux with 20 c.c. of 10 per cent, alcoholic 
notassium hydroxide for three hours. The solution was then 
diluted with water and acidified with dilute acetic acid. The 
brown precipitate was collected, dissolved in alcohol, and again 
precipitated by water. It was identified as the compound (I), 
dariening, at 120° and melting at 160°. (Found: C = 83-5; 
H = 6 0. CjiHijOj requires C=84-0; H=5-4 per cent.) 

OCl 

PhC'^Y'^l 

<>'3.Diniienylnnphtliapyronhim Chloride, ^^^\/\/\ . 

' ““ k/' 

Two grams of deoxybenzoin and 1'6 grams of 2-naphtbol-l- 
aldehyde were dissolv^ in methyl alcohol, and dry hydrogen 
chloride was passed into the solution for three hours at the ordinary 
temperature (25°). The solution gradually acquired a dark blue 
colour, and, after two to three days, dark blue needles separated. 
They were collected, washed with a little methyl alcohol, and re- 
crystallised from dilute acetic acid, when they melted at 148 — 150°. 

The compound is soluble in acetic aci^, alcohol, or ether, but 
insoluble in water : 

0 1255 gave 0-3738 CO, and 0-0566 n,0. 0=8116; H = 5 01. 

CjsHjjOCl requires C=81-41; H = 4'61 per cent. 

This substance decomposes gradually on keeping. It bas been 
isolated in the form of the ferrichloride by Decker and von Fellen- 
berg (Joe. cit.). 


i-Hydroxy-i : H-diphenylquinolnie, 


OH 

'00" 


Iph 


Two grams of deoxybenzoin and 1’6 grams of anthranilic acid 
i'ere mixed together, powdered, and heated in an oil-bath at 
^0—150° for three days. The product was then rendered 
ilkaline with dilute sodium hydroxide solution and extracted with 
jther. The aqueous portion was acidified with dilute acetic acid 
»!i(] again extracted with ether. A solid gradually separated from 
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the aqueous solution. This was collected, washed, and crystallisej 
from alcohol, when colourless, rectangular cubes melting at above 
300° were obtained. The compound is insoluble in water, soluble 
in acetic acid or ether, and sparingly so in aqueous sodium hybt. 
oxide or alcohol : 

0‘1357 gave 5'8 o.c. N 2 at 32° and 762 mm. N=4’8. 

CotHijON requires N=4'53 per cent. 


f-Hydroxyhenzylidenedeoxybenzoin, 



j>-Hydroxybenzaldehyde and deoxybenaoin in molecular propot. 
tion were dissolved in a small quantity of ethyl alcohol, and the 
solution was cooled in ice and saturated with dry hydrogen 
chloride, when a change of colour took place at once. On allow- 
ing the mixture to remain for two to three days, a precipitate 
gradually formed, which was collected and crystallised from diluts 
acetic acid, separating in red needles melting at 155°. The sub- 
stance is soluble in alcohol or acetic acid, hut insoluble in water, 
It does not contain chlorine: 


0 1460 gave 04465 COj and 0-0722 HjO, C = 83-4; H = 5'5. 
CjiH^Oj requires C=84-0; H = 5'4 per cent. 


Vaniltylidened^xybemoin, I . 

* CPh:CH'\/OMe 

Vanillin and deoxybenjoin in molecular proportion were con- 
densed as above, when an oil was obtained which solidified in three 
to four days. This separated from hot alcohol as an amorphous, 
reddish mass melting at 146 — 148°. It is soluble in acetic add, 
alcohol, or ether, hut insoluble in water. It does not contain 
chlorine : 

0-1274 gave 0-3765 COj and 0 0596 HjO. 0 = 804; H=5-3. 

CjjHijOs requires 0 = 80 0; H = 5'4 per cent. 


Cinnamylidenedeoxybenzoin hydrochloride, 


COPh 
CHPhCHCl-CHlCH' 


Deoxybenioin and cinnamaldehyde in molecular proportion were 
condensed as above, and there was obtained a solid which separated 
from hot alcohol as an amorphous mass melting at 100°. 
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It is soluble in alcohol, acetic acid, or ether, but insoluble in 
water. The substance contains chlorine: 

0 1238 gave 0 3609 COj and 0 0657 HjO. C = 79'S; H = 5'9. 
CaH],OCl requires C = 79-7; H=5-5 per cent. 


Oinnamylideiiedeoxybsnzoin, ,9®^^ I ) 

cPh;cH-cH:cH)^y ' 

Deoxybenzoin and einnamaldehyde in molecular proportion were 
dissolved in a little alcohol, and the mixture was cooled in icb, a 
tew drops of diethylamine being added. A crystalline precipitate 
formed within an hour, which separated from hot glacial acetic 
acid in snow-white needles melting at 145°. The yield was almost 
theoretical. 

It is insoluble in water and sparingly soluble in etbyl alcohol 
or acetic acid : 

0-1095 gave 0-3558 COg and 0-0601 HgO. C = 88-6; H = 6-l. 

CjjHigO requires C = 89-0; H=6-8 per cent. 


f-Dimethylaminobenzylidenedeoxyhmzom, 9'^^*' I 

CPh:CE'\ 

p-Dimethylaminobenzaldehyde and deoxybenzoin in molecular 
proportion were condensed in the usual manner, and a solid was 
obtained which crystallised from dilute acetic acid in colourless 
needles melting at 98°. It is very readily soluble in ethyl alcohol 
or acetic acid, but insoluble in water : 

01159 gave 4-6 c.c. Ng at 28^^ and 761 mm. N^4-6. 

requires N=4'3 per cent. 

This work was carried out at Dacca College in 1917. 

Thr Chemical IaAbobatoky* 

Government Colleoe, 

IaAHObe, Punjab, India. {Received, F^ntary 1919.] 
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LWl.— Trustworthiness of the Balance over Long 
Periods of Time, 

By George Dean. 

During the prosecution of a series of atomic-weigH determina- 
tions by the author, a paper -was published on “ The limitations of 
the balance” (Blount, T., 1917, 111, 1035). The author there 
draws the conclusion, based on experiments with several balances, 
that although weighings of a given object made within a few hours 

or even days — of each other may be concordant, this is not the 

case if they are extended over several months. A variation as 
high as 1-6 milligrams was detected, and attributed to the gradual 
shifting of the central knife edge. 

If this conclusion is established, the accuracy of many atomic 
weight determinations wilt be seriously impaired. The work 
referred to above is especially liable to this error, as a period of 
three to fifteen months intervened between the initial and final 
weighings. Fortunately, it was possible to test the magnitude of 
the error in this case. The experiments were carried out in 
weighed silica flasks, each jrrovided with a similar silica flask as 
counterpoise. These were used in successive experiments, and, 
being appreciably affected by the chemical action, their weights, 
recorded during several years, were useless for the present purpose. 
One flask, however, being of inconvenient shape, had been used, 
re-weighed, and rejected. It was weighed after long intervals. The 
details of the weighings are as follows, the numbers representing 
the weights added to the counterpoise to make it balance the flask. 

May 17th, 1917. Flask treated with boiling 
nitric acid, washed with 
distilled water, dried, 
wiped, ignited, cooled in 
desiccator with counter, 
and both left on pans of 
balance before weighing -1-0'001300 graml 
May 18th, 1917. Merely replaced in balance l0'001312 grain, 

and left all night before I 

weighing .... +0*001325 „ ] 

The two were now left over calcium chloride under a bell 
for ten months. 

Mar. 7th, 1918. Keplaced in balance, left 

all night and re-weighed +0*001360 gram 
Mar. 8th, 1918. Flask and counter, both 
carefully wiped and re- 
placed, left all night on 
pans l^fore weighing . +0*001379 ,, 

Mar. 9th, 1918. Merely replaced and loft 

all night . . . • +0*001382 „ 


-0*001374 gram. 



balance over long periods op time. 
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After a fnrtlier interval of two months, a single weighing was 

taken : 

. j 23rd, 1918. Flask, etc., replaced in balance and left all 

night 0 001415 gram. 

The flasks were now left in the desiccator for ten months, the 
balance remaining practically unused : 


Xay 20th, 1919. 

Replaced in balance and 


left all night . 

-|-0'001422 gram 

„ 23rd „ 

Flask wiped and heated 

(but not counter), cooled 
in desiccator, in balance 



all night .... 

P 0001419 „ 

„ 20th „ 

Both replaced in balance 


and left for week-end . 

F0-00140C „ 

„ 2Jth „ 

Counterpoise, wiped, ig« 

' O OOU35 gram, 

mted,cooled in desiccator, 
both left in balance all 


night .... 

+0-001474 „ 

„ 28th „ 

Both replaced in balance 


and left ail night , . 

+ 0-001480 „ 

„ Slat „ 

Both in desiccator 2 days. 


in balance 1 night . 

+0-001421 „ 

June .3rd >, 

Both in desiccator 2 days, 


in balance 1 night . 

+ 0-001425 „ 


The total variation in weight of a flask weighing 40-65 grams, in 
tavo years, is thus +0'000123 gram, made up of +0'000062 gram in 
the first ten months, -}- 0*000041 gram in the succeeding four 
months, and 0*000020 gram in the final ten months. 

After carrying out determinations extending over several years, 
and depending on some thousands of elaborate weighings, it was 
satisfactory to find tho error introduced by the duration of an 
experiment was so small as to be practically negligible. The fact 
that the variation was a steady increase rather favours the view 
that it is due to a displacement of the knife edge. 

The test was more searching than if twin metal weights had 
been used ; the flasks were more bulky ; they were polished -occasion- 
ally by breathing upon them and rubbing with a cloth, this being 
necessary in the atomic-weight experiments to remove a slight film 
lieposited on the flask from the oven in which it was heated. As 
each flask had an external surface of about 250 sq. cm., there is 
a possibility of changes in weight from this treatment, as also from 
air condensation after heating. 

The weighings were not made under ideal conditions. The room 
IS small and has a Ibw ceiling, with two doors and windows, is 
heated by a steam radiator, and subject to vibration from a 
ventilating fan. To minimise these drawbacks, the flasks were 
placed on the balance the night before the weighing, the windows 
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heavily curtained, and fan and radiator turned oS. In this 
trustworthy readings were secured. 

The method of swings was used, ten swings of the pointer to the 
left and nine to the right being recorded, and the point of equil- 
ibrium on the scale calculated. The rider was next shifted along 
the beam to increase the weight by 1 milligram, and the observa- 
tions were repeated, Finally, the flasks and rider were removed 
from the balance, which was then left for at least an hour. It 
was then set swinging, and the true “sero” of the empty balance 
worked out. Prom the three equilibrium positions, the weight of 
the flask is easily calculated. It was necessary to adopt this 
tedious method, as the “zero” of the balance is rarely constant for 
more than a few hours at a time. 

The balance was an ordinary short-beam instrument of (un- 
known) German make. It was in constant use except during the 
final ten months, when no weighings were made on it except those 
recorded above. 

CEEtnOAI, DEPABTMHirr, 

West Ham Munioipai 

TEOENTCAt. IKSTITOTE. [Eecmed, June 10ft, 1919.] 


LXVII . — The Isomenc Tropic Acids, 

By Alex. McKenzie and John Kerpoot Wood. 

Although nearly forty years have elapsed since Ladenburg carried 
out his fundamental researches on the constitution of atropine, this 
alkaloid is still obtained exclusively from natural sources. This 
is undoubtedly due to the difflculties involved in the preparation 
in quantity of the two constituents of the atropine molecule, 
namely,- tropine and r-tropic add. The yield of atropine obtained 
by Ladei|burg by the combination of the two constituents accord- 
ing to the equation 
CHj-OH— CH„ Ph 

III I 

NMe CH-OH + COjH-CH 

CHj-tJH-OHj CHj-OH 

CH.-CH— CHj Ph 

I NMe CH-(^-CO-6 h -t-HjO 

CHj-CH— CHj GHj-OH 

was apparently very gmalL WolffensUin and Mamlock {Ber., 
1908, 41, 723) have, however, shown that by acefcylating tropic 
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cid then converting into the acid chloride, and combining this 
ffith tropine, a good yield of acetylatropine hydrochloride can be 
btained, and from the latter compound the acetyl group can be 
eliminat^ with the formation of atropine in a satisfactory yield, 
dn the light of the experience of these authors, there should be no 
dificulty in effecting the synthesis of atropine in fair quantity 
rovided that methods are available for the production of the 
lequisite tropine and tropic acid. 

The recent synthesis of tropinone by Robinson (T., 1917, 111, 
"62) suggests the possibility of the production of synthetic tropine. 
jleanwhile, the present authors had been engaged in the examina- 
tion of various methods for the preparation of tropic acid other 
than that from atropine itself, and the results are described in the 
sresent communication. 

Ladenburg and Rugheimer (Her., 1880, 13, 373 j AnncUen, 1883, 
217, 7d) claim to have converted atropic acid into tropic acid in 
the Jollowing manner. Chlorotropic add was first obtained by the 
direct addition of hypochlorous acid to atropic acid, 

CHj-.CPh-COjH -1 HCIO =OH-CHj-CClPh'COjH, 
ind the chlorotropic acid was then reduced, 

OH-CHj'CClPh-COjH -t 2H = OH-CHj-CHPh-COjH + HCl. 

It is apparent from Ladenburg’s description that some difficulty 
was experienced by him in the reduction of the chlorotropic add, 
although it is stated that the action proceeded smoothly when a 
mixture of zinc dust and iron filings was added to a solution of the 
aeid in concentrated potassium hydroxide. It may be stated at 
once that our experience with this method was most disappointing. 
There was no difficulty in preparing the chloro-acid, but all our 
attempts to reduce it to tropic add, whether by Ladenburg s 
method or in other ways, ended in failure. In many of these 
experiments the chloro-acid was partly recovered, whilst in one or 
*m eases the product wa,s free from halogen and posseted the 
melting point of atroglyceric add. In view of the difficulties 
encountered, we drew the conclusion that this method is not a 
praetica! one for the preparation of appreciable quantities of tropic 
acid. 

Spiegel (Her., 1881, 14, 235) obtaiued tropic acid by hearing 
acetophenonecyanohydrin with hydrochloric acid at 130 , and theii 
acting on the resulting j8-chIorohydratropic acid with a solution of 
sodium carbonate at 120°. There are no details quoted in the 
paper regarding the^ield of tropic acid. 

A method which we employed was the reduction of the fotmyl- 
ptenylacetio ester, prepared by Wislicenus’s method, from et y 
formate and ethyl phenylacetate. This ester was reduced in 
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ethereal solution by means of aluminium amalgam, and the result 
iug tropic ester was hydrolysed : 

. CH,Ph'CO,Et -> CHO-CHPh-COjEt -> 

OH-CHj-CHPh-COjEt -> OH-CHj-CHPh-COjH. 

After these experiments were completed by us, the method was 
described by Muller (Ber., 1918, 51 , 252; D.R.-P. 302737), and 
also by Wislicenus and Bilbuber (Ber., 1918, 51 , 1237), the latter 
chemists having used methyl formylphenylacetate. Miiller states 
that the aluminium residue retains almost half of the formyl ester, 
which is therefore not reduced, and, according to him, cannot tc 
removed from the residue by means of ether. Wislicenus and 
Bilhuber also noticed that a portion of the formyl ester was 
retained by the aluminium. We also obtained a small yield of 
tropic acid by this process. 

Of the methods we have studied for the preparation of tropic 
acid, the following gave by far the best result. Acetophenone was 
converted into atrolactinic acid, which, on being heated under 
diminished pressure, gave atropic acid; this in turn was converted 
into jS-chlorohydratropic acid by the action of hydrogen chloride 
on its ethereal solution, and the halogen was then displaced by 
boiling the acid with an aqueous solution of sodium carbonate: 


Ph 

Me 


>00 


Ph- 

Me- 


;>c< 


OH 

ON 





01H,0' 




OH-OH 




The resolution of r-tropic acid into its optically active com- 
ponents is described by Ladenburg and Hundt {Ber., 1889, 22, 
2591). The acid was dissolved in dilute aqueous alcohol and 
neutralised by quinine. The resulting salt was crysUllised until 
the melting point was constant, the value 186 187^ being given. 

The tropic acid obtained from this salt melted at 127—128°, and 
gave [o]n + 71'4° “als Mittel aus Versuchen in verschieden concen- 
trirten Lbsungen,” This value for the specific rotatory power of 
the <7-acid has no significance, since the solvent employed is not 
quoted. 

Amenomiya {Arch. Pharin., 1902, 240 , 498) acted on a mix ur 
of 10 grams of atropine and 7-hyoscyamine with water, and obtaine 
a mixture of r-tropic acid and a small quantity of the I , 

This was neutralised with quinine, and the resolution 
according to Ladenburg and Hundt. The quinine t^-salt me e a 
189_190°. The resulting acid was washed with benzene to r 
it from atropic acid; it then melted at 126 127°, whilst t e 
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fof' e = 2-384 in ethyl-alcoholic solution is quoted. 
From the mother liquors of the quinine salt, a Iffivorotetory tropic 
acid melting at 126° and giving [a]“ -72-75° in aqueous solution 
was prepared. No analyses of the optically active acids are quoted 
either by Ladenburg and Hundt or by Amenomiya. Moreover, 
the quantity of inactive acid at the disposal of those investigators' 
would seem to have been rather inadequate for the purpose they 
had in view. 

Atropine is the df-tropyl ester of tropine, whilst 1-hyoscyamine 
is the 1-tropyl ester of tropme. Ilyoscyamine has the grouping 
■CO-CH-, and, in accordance with the work carried out by one of 
as and his co-workers on racemisation with alcoholic alkali, it might 
be expected that this alkaloid would undergo racemisation with 
alcoholic alkali. Data in the literature show that this is the case, 
hut the point is perhaps worthy of further investigation. Pure 
atropine is optically inactive, but the atropine of commerce is 
often slightly Isvorotatory, owing to its containing some hyos- 
cyamine. In all probability, the plant builds up the pure 1-hyos- 
cyamine, and this is racemised either in the plant itself or during 
the commercial preparation of atropine. The question (which 
probably has received attention from the manufacturers of atropine) 
suggests itself ; Would it be possible to isolate pure hyoscyamine 
from the plant, or would this compound racemise so readily that 
its isolation on the large scale would he impossible ! One of the 
sources of atropine is Hyoscyamus muficus— which is said to con- 
tain hyoscyamine only. Now it is significant that alkali always 
appears to be used in the extraction of atropine from plants, it 
might be possible technically to avoid the use of alkali in the 
extraction, and thus obtain a salt of pure hyoscyamine. If this 
were practical, the advantage w-ould he very great, since f-hyos- 
cyamine in its mydriatic power is reported as being one hundred 
times as active as its cf-isomende. It would therefore be a much 
better mydriatic than atropine. Similar considerations apply to 
pilocarpine. It has, however, to be recognised that it is doubtful 
if the naturally occurring f-hyoscyamine or its tf-isomeride has 
ever been prepared in a state of purity, and it seems very probable 
that Barrowcliff and Tutin (T., 1909, 95 , 1966) are correct when 
they suggest that the interesting physiological results of Cushny 
M the comparison of the d- and f-hyoscyamines were obtained with 
elkaloids which were not optically pure. 

% the hydrolysis of Z-hyoscyamine, Gadamer (Arch. Pharm., 

, 239, 294) obtained a Isevorotatory tropic acid melting at 
- —124° and having [o]® -69-49° in aqueous solution. A purer 
pecimeu was obtained by heating an aqueous solution of Z-hyoscine ; 
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the resulting acid was washed with benzene to free it from the 
email amount of atropio acid present, and the residue then cryeUl 
lised from water. The resulting tropic* add melted at 125— 126 ^ 
and gave [o]n -71-81° in aqueous solution. 

As it appeared to the present authors to be of some importanaj 
to eetablish the purity of the d- and i-tropio adds, the resoktion 
of the r-acid was carried out as described in the experimental pot. 
tion of this paper. The t^acid was obtained by means of quiube, 
the solvent used being ethyl alcohol. It melted at 128 129° and 
had [o)!,' +72-2° for e=2-695 in ethyl-alcoholic solution, a result 
which is nearly identical with that of Amenomiya, who fouml 
[olj, +71-3°. We obtained the f-acid by means of morphine, the 
solvent being ethyl alcohol. This acid melted at 128—129°, and 
had [o]|,’-72'5° for c=2-578 in ethyl-alcoholic solution and 
ral”-79-0° for c = l-538 in aqueous solution. The Isvorotator; 
add of Amenomiya, whiA gave [o]n -72-76° in aqueous solution, 
and Gadamer’s acid, with [«]„ -69-49° in aqueous solution, wen 
therefore not optically pure. 

The results described in the present paper were practically cm- 
pleted towards the end of 1917, but pubUcation has been delayed 
owing to the pressure of other work. Since the present paper viis 
written. King (this vol., p. 476) has described the reeolution of 
tropic acid, and our values for the specific rotatory powers of the 
optically active acids are in close agreement with those given bj 
him. It is therefore satisfactory that the constants for tkese 
important acids have at last been definitely settled. 


Experimental. 

Reduction of Ethyl Formylphenylacetate. 

As the reduction of this ester has already been described in * 
literature, it is unuecessary to describe our experience of tli 
method. The ester used was the liquid modification, -which wi> 
prepared by the action of smlium on a mixture of ethyl phenjl- 
acetate and ethyl formate, and purified through the copper den ■ 
ative, as described by Wislicenus. In the bulk of the ’ 

the reducing agent employed was aluminium amalgam. » " 
was also reduced by the action of sodium on a solution of the es^ 
in glacial acetic acid. The yields of the pure recrystalhsd op 
acid varied from 16 to 30 per cent, of the theoretical, calcu 
from the phenylformylacetic eeter used. 
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Preparation of Atrolactinic Acid. 

This acid was prapared as described by McKensie and Clough 
(T., 1912, 101, 393). The following details of a typical prepara- 
tion may be given. 

To a mixture of 80 grams of potassium cyanide (98 per cent.), 
100 grams of acetophenone, and 5 c.c. of water, fuming hydro- 
chloric acid (D 1-2) was added from a dropping funnel at the rate 
of twelve to fifteen drops at a time, the mixture being shaken 
rigorously after each addition. This operation lasted for five 
hours, 15 o.c. of acid being added in each of the first two hours 
and 20 c.c. in each of the subsequent hours. During the first 
three hours, the mixture was maintained at the ordinary tempera- 
ture, so that the acetophenone did not solidify, but towards the 
close it was cooled in ice-cold water. When the addition of the 
acid was complete, the mixture was allowed to remain for half 
an hour, and the oil then poured off and washed with water. A 
further small quantity of oil was obtained by adding water to the 
sludge left in the reaction flask. The oil was then poured into 
200 c.o. of hydrochloric acid (D 1-2) and left overnight. Sodium 
hydroxide solution was added until the solution was neutral, and 
then three times the theoretical amount of the same alkali (calcu- 
lated on the acetophenone used) was added, and the mixture dis- 
tilled in a current of steam until the evolution of ammonia ceased. 
About 65 grams of acetophenone were recovered. The contents 
of the distillation flask were evaporated until the separation of 
solid started. On cooling, the crystals were separated and acidified 
‘with hydrochloric acid, using Congo-red as indicator. The atro- 
lacbinic acid was filtered off, the filtrate evaporated further, and 
cooled j the resulting crystals contained some sodium chloride, from 
which the acid was separated by means of ether. Some additional 
acid was obtained from the filtrates. The ethereal solution of the 
acid was dried with anhydrous magnesium sulphate, the ether 
expelled, and the atrolactinic acid crystallised from water. The 
field was 35 grams of crystallised acid, and this corresponds with 
I yield of 73 per cent, on the acetophenone converted. 

Professor Kipping kindly suggested to us a modification of this 
Bethod which gives good results. After the cyanohydrin was 
hydrolysed, water was added, and the acetophenone removed by 
distillation in steam. The hot acid solution was then filtered and 
•pooled, when atrolactinic acid separated. A further quantity can 

6 obtained by extracting the filtrate with ether. In employing 
■ is method, it should, however, be borne in mind that sufficient 
must be added after the hydrolysis of the cyanohydrin, and 
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that the subsequent heating in the presence of hydrochloric acid 
should not be unduly prolonged, otherwise the atrolactinic acid 
may be partly converted into atropic acid. Ladenburg and 
Riigheiiner iloc. ci<.) have pointed out that when. atrolactinic acid 

is boiled under a reflux condei^er with moderately dilute hydj^ 
chloric acid for some time, then diluted with water, and distilled 
small quantities of atropic acid pass over with the steam. 
more concentrated hydrochloric acid, appreciable quantities of 
woatropic acid are formed. 


Prefaration of Atropic Add. 

The process of Ladenburg and Kugheimer, to which refereacs 
has just been made, is not a convenient one for the preparation of 
atropic acid in quantity. Moreover, the method described bj 
Kraut (.innalen, 1863, 128 , 282; compare also Fittig and "Wurstet, 
AnualeJi, 1879, 195 , 147), whereby atropine is boiled with barim 
hydroxide, is nob very practical when the expense of atropiniij 
considered, and the same criticism may be passed on Lossen's 
method of heating atropine with fuming hydrochloric acid 
120—130° (Amalen, 186 <>, 138 , 132). 

We found that atrolactinic acid can be converted into atropij 
acid by distillation under diminished pressure. Atrolactinic add 
contains water of crystallisation, but it is not necessary to dehydrat* 
the acid before submitting it to distillation. The method is i 
convenient one, but certain precautions require to be taken ii 
order to secure a good yield. The chief difficulty arose from tb 
ease with which atropic acid is transformed under the agency d 
heat into o- and ;3-?soatropic acids (Fittig and Wurster, foe. citj 
We carried out the distillation in a silica flask with a capacity ol 
110 c.c. and provided with a side-tube of 12 mm. internal diametei 
and 28 cm. in length. The side-tube acts as a suitable condenser, 
and there is no danger of it becoming choked owing to the solidiS- 
cation of the condensed atropic acid, as is the case when en 
ordinary distilling flask is used. Experience showed that it is 
very advisable to heat the atrolactinic acid with a free flame latk 
than to use an oil-bath. If the distillation is carried out 
slowly, a viscous residue of the isoatropic acids is left in the dh- 
tilling flask, and the yield' of atropic acid is poor. On the ofbr 
hand, if the operation is conducted too rapidly, some atroIactM 
acid passes over along with the atropic acid ; the two acids ar«, 
however, easily separated by taking advantage of their 
different solubilities in water, atropic acid dissolving, accordisg 
Kraut, in 692*5 parts of water at 19'1°, whilst the solnhiii^f'^ 
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itrolactinic acid was found by Lennart Smith {J. pr. Chem., 1911, 
ii], 84, 73T) to be 17-04 parts per litre of water at 18“ Under 
I pressure of 10—15 mm., an oil distils at 177—179° and solidifies 
Hiickly. The distillate is dissolved in a warm mixture of ethyl 
ilcohol and water, and hot water is then added until the liquid 
jeconies cloudy. The atropic acid separates on cooling in the form 
)t iridescent leaflets. Should the melting point of the dried 
;rystals indicate that the atropic acid is not quite pure, the crystals 
ire left for some time in contact with water in order to remove 
itrolactinic acid. 

The results of three experiments may be given : 

(1) Nineteen grams of dehydrated atrolactinic acid gave 12 grams 
of atropic acid. 

(2) Twenty grams of dehydrated atrolactinic acid gave 13 grams 
of atropic acid. 

(3) Twenty-one grams of dehydrated atrolactinic acid gave 
13-5 grams of atropic acid. 

The time of distillation was fifteen minutes. The mean yield 
trom the above figures is 72 per cent, of the theoretical; a further 
small quantity of atropic acid may he obtained trom the mother 
liquors. 

The acid melts at 106 — 107°. It gave C = 73-0; H = 5-5. 
(Calc.: C = 73-0; H = 5-4 per cent.) 

This is a much more practical method for preparing atropic acid 
than that described by Ladenburg and Rugheimer {Ber., 1880, 
13, 2041), who also used acetophenone as the starting point. They 
formed acetophenone dichloride, CMePhCU, which, by means of 
potassium cyanide and ethyl alcohol, was converted into the nitrile, 
CMePh(CN)-OEt, and this, on hydrolysis by baryta, gave the 
harium salt of ethyl atrolactinic acid, CMePh(C 02 H)'OEt. 
Atropic acid was obtained from the latter acid by treatment with 
concentrated hydrochloric acid. The method now described is also 
more practical than SpiegePs method, whereby atropic acid is pro- 
duced by boiling 8-chlorohydratropic acid vrith aqueous sodium 
hydroxide. 


Freparation of B-Chlorohydralropic Add. 

An interesting study of the additive compounds of atropic acid 
pnd the halogen acids is described by Merling, who obtained 
^-clilorohydratropic acid by heating atropic acid with fuming 
hydrochloric acid in a sealed tube at 100° for five hours [Annalen, 
1831, 209, 1). The yield of the chloro-acid is not stated, but it 
m certain that the method is not a practical one, as atropic acid 
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would, under the experimental conditions, undergo consideratlf 
transformation into the tsoatropic acids, and the formation of 
acids is indicated in Merling’s description. 

The following is a convenient method for preparing ^-clilori> 
hydratropic acid. Ten grams of atropic acid were dissolved b 
200 c.c. of dry ether free from alcohol, and a current of dry 
hydrogen chloride was passed in slowly for about two hours. 
solution was kept warm during this period, the flask containing it 
having been attached to a reflux condenser provided with a calcium 
chloride drying tube. The solution was then kept overnight, and 
the hydrogen chloride again passed through the warm solutica 
next day for four to five hours. After the bulk of the ether wis 
removed by distillation, the residual liquid was allowed to evaporate 
spontaneously. An almost completely solid residue was obtained 
which, after two crystallisations from carbon disulphide, was 
sufficiently pure for analysis. Only one crystallisation is necessary 
when the chloro-acid is to be used for conversion into tropic acid. 
The acid melted at 88—89®, whereas Merling gives 87—88®, 
(Found: Cl = 19'3.' Calc.: Cl = 19*2 per cent.) 

Ten grams of atropic acid gave 10 grams of the chloro-acid, i 
yield of 80 per cent, of the theoretical. 


Conversion of $-Chlorohydratropic Acid into Tropic Acid. 

Merling {loc. cit.) found that the chloro-acid could be hyd^^ 
lysed by heating with a solution of potassium carbonate. Tlie 
present authors have examined the hydrolysis under various coc- 
ditions with the object of securing as good a yield of tropic acid 
as possible, since certain secondary reactions are liable to occur, 
Those reactions are (a) the tendency for the formation of styrene 
through the elimination of hydrogen chloride and carbon dioxide, 
as ol^erved by Merling, and (6) the readiness with which tropic 
acid in the presence of alkalis loses water and passes into atropic 
acid (Hesse, J. pr. Ckem.y 1901, [ii], 64 , 286). The action of 
water alone was found to be unsatisfactory, but better results vere 
obtained with aqueous sodium carbonate. The amount of sodium 
carbonate used was rather less than would be required to neutralise 
the original acid and the hydrochloric acid formed during the 
hydrolysis; there was practically no difference in the yield whetlier 
all the sodium carbonate was added at the beginning or gradually 
during the time of boiling. As an example, the following expen- 
ment may be quoted. 

Four grams of the chloro-acid were mixed with 80 c.c. of watef, 
and che mixture was boiled under a reflux condenser. A solution 
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jf sodium carbonate (1'73A') was run in slowly, the boiling being 
maiutaii^®^ 1 24'1 c-c. were added in the course of fifteen minutes, 
the boiling being then continued for a further three and a-half 
hours without the addition of any further quantity of alkali. On 
tooling, the solution was faintly alkaline; it was extracted with 
sther to remove styrene, acidified with dilute sulphuric acid, and 
extracted five times with ether. The ethereal solution was dried 
mth sodium sulphate, and to the oily residue which remained 
after the removal of the ether, benzene was added. The resulting 
trystals were separated, washed with benzene, and dried. The 
yield was 2'32 grams and the melting point 116—117°. The 
aqueous solution which had been extracted with ether gave an 
idditional 0-2 gram of tropic acid when extracted for five hours 
in a continuous extractor. Yield~70 per cent. Equivalent; 
Pound: 166'6. Calc.: 166-1. 

: The residue obtained by the evaporation of the benzene filtrates 
pduoed alkaline permanganate strongly, and doubtless consisted 
pf a mixture of atropio and tropic acids. 

i In a similar experiment, using 10 grams of the chloro-acid, the 
tield of tropic acid amounted to 61 per cent, of the theoretical. 

The tropic acid obtained in this manner was free from atropic 
oid. 

The yield was smaller when sodium hydroxide was used in place 
if sodium carbonate. Solutions of sodium acetate and silver nitrate 
(ere also employed as hydrolysing agents, but in neither case was 
he yield of tropic acid so good as when sodium carbonate was 

i^ed. 

Attempts were made to study the hydrolysis from the kinetic 
loint of view, but for various reasons these proved unsuccessful. 
It the boiling point, the reaction takes place too rapidly to permit 
f accurate determinations of the velocity of reaction, whilst at 
ower temperatures the solubility of the acid in water is too small. 
In attempt was made to overcome the latter difficulty by using a 
alxture of alcohol and water as the solvent, but under these 
onditions the velocity of reaction was reduced to such small 
limensions as to be impossible of accurate determination. 

Attempts to Reduce Gkforotropic Acid, 

The method described by Ladenburg and Rugheimer for the 
Reparation of chlorotropic acid was followed. The chlorotropic 
*id obtained melted at 129 — 130°, in agreement with the value 
|>''en by Ladenburg, namely, 128—130°. 

Reference has already been made in the theoretical portion of 
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the paper to the failure which attended our numerous eBorts t« 
reduce chlorotropio acid to tropic acid. Ladenburg describes the 
action as taking place when zinc dust and iron filings are added 
to a solution of the acid in a concentrated aqueous solution of 
potassium hydroxide, but no information is given regarding th, 
actual concentration of the alkali he used. We made numerous 
experiments, using alkaline solutions of difierent concentrations. 
When the chlorotropic acid was dissolved in a solution of sodiun 
or potassium hydroxide containing 20 grams of alkali in 100 c.c, 
of water and left for several days in contact with zinc dust and 
iron filings, the product which was obtained after the removal of 
the dissolved zinc and the extraction of the acidified portion by 
means of ether was a substance of indefinite melting point, and 
still contained chlorine. With a more concentrated solution of 
alkali (10 grams of potassium hydroxide in 10 grams of water), tit 
product was free from chlorine. It appeared to be a mixture, as 
it had a strong reducing action on alkaline permanganate, but or. 
treatment with benzene, part of it was sparingly soluble, and this, 
after washing with benzene, was practically devoid of reducinj 
action. It was soluble in water, melted at 144—146°, and was 
probably atroglycerio acid, which melts, according to Tittig and 
Kasb (Annalen, 1881, 206 , 32), at 146°. 

Other reducing agents which were tried were sodium amalgam, 
zinc and hydrochloric acid, sodium hydroxide and aluminium 
powder, and aluminium amalgam. In each case, chlorotropic acid 
was recovered. 


Preparation of the Optically Active Trope Adds. 

85-4 Grams of hydrated quinine (1 mol.) were dissolved in 
850 c.c. of absolute ethyl alcohol at 17°, and 37'5 grams of rtio]* 
acid (1 mol.) were added with stirring until the solution was bonur 
geneous. Crystallisation began after five minutes, and proceeded 
rapidly. After nineteen hours at the ordinary temperature, the 
crystals were separated; after remaining on a porous plate fo' 
three days, they amounted to 71 grams. Crystallisation w>s 
carried out another eight times from ethyl alcohol. The alcotol 
was distilled ofi from the filtrate from each successive crystallisa- 
tion, the residue decomposed by dilute sulphuric acid, and t e 
tropic acid extracted with ether and dried with sodium sulp a *■ 
The progress of the resolution was indicated by deterniming 
specific rotatory power of the successive acids in ethyl-alco » 
solution, the following values for [oj^ being obtained; - 
-36’7°, -6-1°, +23-1°, +41-2°, +60-8° +67-1, -t 
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^.69'6°. The quinine ci-salt amounted to 25-5 grams; it separated 
from ethyl alcohol in felted leaflets grouped in rosettes melting at 
190 — 191°; 199 11® ethyl-alcoholic solution contain about 

0'55 gram of the salt at 13°. The salt was decomposed by dilute 
sulphuric acid, and the tropic acid repeatedly extracted with ether, 
"■2 grams of pure <f-acid being obtained. 

i-Tropic acid is sparingly soluble in benzene, from which it 
separates in lustrous needles melting at 128 — 129°. It crystallises 
from water in glassy needles and plates grouped in rosettes ; 

0 1858 gave 0-4421 CO^ and 0-1043 HjO. C = 64-9; H^6-3. 

CjHinOj requires C = 65-0; H = 6-l per cent. 

Its specific rotation was determined in the following solvents : 

(а) Ethyl alcohol: 

c = 2-695, f = 2; aU -t3-89°; [ajU' +72-2^ 

(б) Water: 

c- 1-515, 1 = 2; oL* +2-43°; [a]|,‘ +80-2°. 

(e) Acetone; 

c=.2-19, 1 = 2; aL’ +3-67°; [a]" +83-8°. 

For the preparation of the 1-isomcride, 9 grams of acid with 
»]j-54-2° for 0=2-65 in ethyl-alcoholic solution, and 4 grams of 
icid with [o]d- 36-7° for c= 2-574 in ethyl-alcoholic solution 
obtained from the first two filtrates in the resolution just 
lescribed), were united and added to a warm solution of 23-8 grams 
)f morphine in 350 o.c. of ethyl alcohol. On cooling, glassy crystals 
jegan to separate, and these were collected on the following day. 
The product, dried in air at the ordinary temperature, amounted 
;o 32'5 grams. It was crystallised from ethyl alcohol six times. 
The tropic acid recovered from the mother liquors from these 
xystallisations gave the following values for [a]j, in ethyl-alcoholic 
solution: -13-5°, -28°, -56°, -59-4°, -60-7°, -63°. Although 
the morphine salt (14 grams) was not yet quite pure, it was deemed 
sdvisable at this stage to decompose it with dilute sulphuric acid. 
The resulting acid (4 grams) was nearly pure, giving the value 
.«]u-71-3°. in ethyl-alcoholic solution. The pure acid was 
obtained after one crystallisation from water. 

i-Tropic acid melts at 128 — 129°. Equivalent: Found: 166-5. 
Calc.: 166-1. The values for its rotatory power were determined 
m the following solvents, and are in agreement with the corre- 
sponding values for its :f-isomeride : 

(a) Ethyl alcohol : 

c = 2-578, 1 = 2; al; -3-74°; [a]^ -72-5°. 
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(6) Water: 

c= 1-538, 1=2; «if -3-43“; [a]i? -TW, 
(c) Acetone: 

c = 1-806, 1 = 2; 4^ -3-01°; [a]'„' -83-3°. 


The authors desire to acknowledge the able assistance rendered 
by the late Mr. Harold Halcro Johnston, B.Sc., in the earlier stages 
of this research. They are also indebted to Professors 6. G, 
Henderson and F. S. Kipping for a supply of atrolaotinic acid, 
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LXVllI.— r/ie Absorption Spectra of the Nitric Estm 
of Glycerol. 

By Habby Hep(wobth. 

In 1906, Kast (ZcjtscA. pcs. Schiess- u. Sprengstoffw., 190 6, 1, 225) 
discovered that nitroglycerin or glyceryl trinitrate is capable of 
existing in two isomeric forms in the solid state, a labile isomende 
melting at 2-8® and a stable form melting at 13-5°. In a later 
paper on this subject by Nauckhoff (ibid., 1911, 6 , 124), in wbicl 
a description of the crystalline structure of the isoraeride of higher 
melting pmnt is given, the author differs from Kast m beu; 
unable to isolate the isomeride of lower melting pokt. The ques 
tion of the existence of a second solid form of nitroglycerin his 
been carefully investigated by Hibbert (“Eighth International 
Congress of Applied Chemistry,” 1912, 4, 37), who has not o J 
conBrmed the existence of two solid isomerides, but has also investi- 
gated the various conditions under which each may be ■ 

Hibbert has compared these two solid isomerides with the wo 
isomeric forms of benzophenone, and although he justly points oi) 
that structural isomerism is theoretically possible, yet on the who 
the evidence points to the two forms of nitroglycerin temg 
isomerides one of the other. This conclusion is largely b^k 
the views of Schaum {Annalen, 1898, 300 , 209), according to 
whom the criterion between chemical and physical isomen® 
be found in the fact that with purely physical 
tion of the solid labile with the solid stable form bnngs a 
complete conversion of the former in the absence o any so 
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KoW it evident that -if the two solid forms of nitroglycerin are 
to be represented by two different structural formul®, then the 
labile and stable forms should give rise to two different chemical 
compounds, either in the liquid state or in solution, and it is 
reasonable to suppose that these solutions will exhibit different 
absorption spectra. Aqueous solutions of nitroglycerin derived 
from the two forma have been examined spectrographically, and 
found to give identical spectra (Fig. 1), from which it is clear that 
there is no evidence of chemical isomerism in solution, and that 
the labile and solid forms of nitroglycerin are to be regarded as 
physical isomeridea. Since the nitroglycerins examined showed 
general absorption only, it is improbable that an equilibrium mix- 
ture of dynamic isomerides is obtained when either form is dis- 
solved in water. 

The absorption spectrum of a sample of commercial nitroglycerin 
has also been determined as a matter of interest. It will be 
observed (Fig. 1) that the latter is much more absorptive than 
pure nitroglycerin. This cannot be due to the presence of lower 
nitrates, as the latter are soluble in water. 

The lower nitrates of glycerol have been investigated by Will 
{Eer., 1908, 41, 1107), and the glyceryl a$- and oy-dinitrates were 
prepared and separated as described by him., It is evident that in 
the ease of the diriitrates, the two isomeriries may have the 
structural formulae 


CKyOU CH^-O-NOj 

rH-O-NO.^ and ^ (JH-OH 

CHj-O'KOj UHj-O-NOj 

and should therefore give rise to two different ab.sorption spectra. 
The absorption in aqueous solution was investigated, with the 
results shown in Fig. 2. It will be observed that the o^-ester 
shows the stronger absorption, and this would be expected from 
the fact that this ester is more unsymmetrical than the oy-dinitrate. 
Both isomerides show less absorption than nitroglycerin. 

A sample of a-methylin dinitrate was kindly provided by Mr. 
h. T. Jones, and had been prepared by the nitration of glyceryl 
»-iuonomethyI ether (Jones, T., 1919, 115 , 76). This sample had 
a faint yellow colour, and was fractionally crystallised before use. 
lie absorption spectrum is shown in Fig. 2, and it will be observed 
that it is slightly more absorptive than glyceryl n^-dinitrate. 

Glyceryl o- and ^-mononitrates were prepared by extracting the 
neutralised, concentrated mother liquors left after the extraction 
“ “e dinitrates, as described by Will (f oc. c/i.). 

TOi. oxv. 
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The absorption spectra of glyceryl a- and ^-mononitrates 
aqueous solution are shown in Fig. 3. The a-compound prepared 


OaciUation frequency. 



{ a-Metkylin dinitrate 

Glyceryl afi-dinitrate— 

Glyceryl arf-dinitrcUe— • — • — 

„ ft ( Glyceryl a-7nononilr<Ue 

J^iQ. S. \Olyceryl ^-mcruynitrate ~ - - - 


by Nefs method gave a spectrum almost identical with tha p 
pLed by the direct nitration of glycerol. It will be observed tW 
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botk isomerides exhibit less absorption than either tb» ■ 
diaikatee or the trinitrate, and tha^ the unslmekll ' ? 

i, rather more absorptive than the synunetrical j3.iscn.erir“ 

The absorpljmn sp^trum of glycerol does not appear to have 
been investigated, and a sample of Hehner’s glycerol . T 
standard in the chemical analysis of glycerol used /or d™l te 
and guaranteed to contain no impurity excent waW 

It is therefore evideiit that the substitution of a hydrogen atom 
of one of the hydroxyl groups of glycerol by a nitLgrfuu 
duces a profound change in the absorption spectrum, wWs the' 
subatitu ion of one or both hydrogen atoms of tL r ma u 1 
hjdroxyl groups by uitrcrgroups, whilst increasing the geS 

rS'Xr • i*... 


Experimental. 

Prcjximiion of Pure, mtroglycerin {Glyceryl TrinilraU) 

•VT'A • • 1 cent. 

Nitric acid 

Sulphuric acid [ 

Nitrous acid ? 

Water ....'.'Z" 2 ’h 

The nitration was carried out in a i i 

tem^ir? af'lT'f2o 11“" rate'l S 

.. 

*'^5ilising substance being Tvoid^ ThrJr^‘r 

siKcssively fractionati>d f " Wkoglycerin was then 

WMsium hydroxide and “ * vacuum over solid 

oil which iter ^ <=lear, mobile, faint 

F=18«. (Found: 

■ 51 Jier cent. H 20 =nil.) 


I I 2 
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Italaiim of the labile and Stabile forms of Nitroglycerin.-, 
The method adopted for the isolation of the labile and stable 
formS of nitroglycerin was similar to that described by Hibbert 
(loc. cit.). The labUe form was isolated by inoculating nitro. 
glycerin cooled to -40° with a trace of the labile form obtained 
by cooling two to three drops of nitroglycerin mixed with glass 
wool to -40°, and stirring vigorously. The operation had to be 
repeated three times before the labile form was obtained, but this 
was probably due to the fact that the nitroglycerin had been 
previously frozen. This form appeared to crystallise in the tii- 

clinio system, and melted at 2-0°. 

The stable form was readily isolated by allowing the nitro- 
glycerin to freeze slowly without inoculation. I^arge bipyramidal 
crystals were obtained which melted at 13T°. 

Both forms were allowed to liquefy in ’a vacuum desiccator crer 
solid potassium hydroxide, and used at once for the spectrcgrapbic 
examination. For the confirmation of the spectrographic results, 
fresh samples of the labile and stable solid forms were prepared 
and recrystallised before use. 

Commercial Nitroglycerin.— V ok product had been made by 
nitrating glycerol (tor dynamite) with commercial mixed acid 
almost identical in composition with that previously described. A 
trace of hydrocarbon oil had been used to accelerate the separation, 
and the -nitroglycerin had been stabilised by thoroughly washing 
with dilute sodium carbonate solution followed by several wash- 
ings with water at 30°. The sample was filtered twice and dried 
over solid potassium hydroxide in a vacuum desiccator for forty- 
eight hours. It possessed a distinct brown colour, melted at 12-5", 
and contained N = 18-46 per cent, (measured by the nitrometer). 

The material was used in this condition for the investigation of 
the absorption .spectrum, 

a-Methylin Dinitrate.— 'Shis was fractionally crystallised three 
and dried in a vacuum over solid potassium hydroxide. T e 
sample examined speotrographically crystallised in white, mono- 
clinic prisms melting at 24-2°, and contained N = 14-23 per cen . 

Preparation, of the lower Nitrates of Glycerd.—Sho mettoil 
adopted for the preparation of the lower nitrates of glycero 
on similar lines to that described by Will {he. cit.). 
grains of glycerol were nitrated with a clear, mixe aci 
composition : 

Per cent. 


Nitric acid 
Nitrous acid .. 
Sulphuric acid 
Water 


21-70 

0-06 

08-22 

9-96 
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The nitration was conducted exactly as described under the 
preparation of trinitroglyoerin. On allowing the mixture to 
remain, about 60 grains of uitro^ycerin were separated, after 
which the mixed acid containing the lower nitrates and a litUe 
nitroglycerin was diluted and repeatedly extracted with ether after 
removing a little nitroglycerin which separated on dilution. 

The crude dinitrates were twice washed with a little water, 
filtered, and partly dried. The ofS- and ay-dinitrates were 
separated as described by Will (foe. cit.), except that glass wool 
was used in place of kieselguhr. ‘ 

The crude ay-dinitrate was purified by repeated fractional 
crystallisation, and about ^0 grams were finally obtained in large, 
water-white, prismatic crystals which melted at 26°. On desic- 
cating over calcium chloride in a vacuum for three days, a pale 
yellow oil was obtained ‘containing N = 15'30 per cent., and this 
was identical with the “dinitroglycerin K” described by Will. 

The crude o/J-dinitrate showed no tendency to crystallise when 
cooled at - 20° overnight, but, on inoculation, a little ay-dinitrate 
separated. This was repeated until no further traces of the 
ay-dinitrate separated, after which it was dried over calcium 
chloride in a vacuum. The a^-dinitrate was obtained in this way 
as a dark yellow oil containing N=15'22 (Calc.: N = 15'38 per 
cent.). 

Both dinitrates were kept in a vacuum over solid potassium 
hydroxide until Jthe solutions were made up for spcctrographic 
examination. 

The uiononitric esters of glycerol were obtained by evaporating 
the neutralised mother liquors left after the extraction of the 
dinitrates, as described by Will (foe. cif.). The crude mixture of 
a- and B-nitrates was easily crystallised by cooling to —20° and 
vigorously rubbing with a glass rod. Traces of dinitrate were 
removed from this crude product by dissolving in water and extract- 
ing with ether. The separation of the two nitrates was effected 
l)y repeatedly washing with a little ether cooled to —20°, when it 
was found that the B-mononitrate was rather more readily soluble 
than the o-isomeride. 

Both forms were obtained in fine leaflets which, after recrystal- 
Iblng twice from water, gave the following results on analysis ; 

M. p. Found N, per cent. Theoretical. 

•■Mononitrate 67“ 10-2 

a-Mononitrate 54” 10-13 

Qlyceryl a-Mononiirate prejfored from Epichlorohydrin, — A 
sample of the o-mononitrate was prepared from epichlorohydrin, as 
described by Nef {Annahn, 1904, 335 , 238). It was found that 
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the conversion of epichlorohydrin into epi-iodohydrin, and the latter 
into glycide nitrate, proceeded quite normally. 

Fifty grams of glycide nitrate were heated at 100° with 40 grams 
of water for four hours. The product was dried in a vacuum over 
sulphuric acid, and the crude product melted at 54°. It was 
purified by recrystallisation from ether, ^is process being repeated 
three times, when 40 grams of glyceryl o-mononitrate were 
obtained, The product melted at 57'5° and crystallised in small, 
white prisms. When mixed with an equal quantity of the o-mono- 
nitrate, prepared by the direct nitration of glycerol, the mixture 
melted at 58°. 

Unsuccessful attempts were made to prepare the a-mononitrate 
by the direct nitration of glycide, as described by Hanriot [Ann. 
Ghim. Phys., 1879, [v], 17, 118), but only a very small yield of 
the o-mononitrate was obtained. 

Specirographic Examination . — ^The instrument used was a Hilger 
quartz spectrograph, size C, fitted with a wave-length scale. The 
iron arc was used as the source of illumination, and the wave-length 
scale was standardised against the zinc and copper arcs. 

All observations were conducted in aqueous solution, the water 
employed being diaotinic up to 2100 A.U. 


Summary. 

From an examination of the absorption spectrum of glycerol 
and its nitric esters, it is evident that: 

(1) The labile and stable forms of nitroglycerin are physical 
isoraerides, and both forms are identical in aqueous solution. 

(2) Commercial nitroglycerin is more absorptive than pure nitro- 
glycerin. 

(3) The order of increasing absorption in aqueous solution is 
^-mononitrate, o-mononitrate, ay-dinitrate, og-dinitrate, and tri- 
nitrate. 

(4) o-Methylin dinitrate is rather more absorptive than glycerol 
a/8-dinitrate. 

(5) The displacement of a hydrogen atom of one of the hydroxyl 
groups of glycerol by a nitro-group produces a much more pro- 
found change in the absorption spectrum than the displacement of 
one or both hydrogen atoms of the remaining hydroxyl groups. 

(6) There does not appear to be any numerical proportionality 
between the number of hydrogen atoms of the hydroxyl groups 
displaced by nitro-groups and the degree of absorption for any 
particular dilution. 
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The author is indebted to Mr. P. A. Baldock, M.Sc., for eon- 
Srniation of some of the results described in this paper, and also 
to the Research Committee of Messrs. Nobel’s Explosives Co., and 
particularly to Messrs. Rintoul and Cowrie, for the facilities accorded 
to him for the carrying out and publication of this work. 

Aedeee. [Rmived, May 2Uh, 1919 .] 


LXlX.—The Interaction of Acetylene and Mercuric 
Chloride, 

By David Leonard Chapman and William Job Jenkins. 

Amost forty years ago, M. KutscheroS {Ber., 1881, 14 , 1532, 
1540) made the important discovery that hydrocarbons 'of the 
acetylene series unite with water in the presence of mercury salts 
being thereby converted into aldehydes and ketones. 

OHiCH + HjO =Cn,-CHO. 

CHj-CiCH + HjO =CHs-CO-Cir3. 

As is well known, the reaction is of special importance, since it 
is now employed on a commercial scale for the preparation of acet- 
aldehyde, which is subsequently converted by oxidation into acetic 
acid. 

Til© mechanism of the action of acetylene on mercury salts in 
the presence of water and aqueous solutions of acids has been 
studied by Reiser {Aimr. Chem. J., 1893, 15, 537), K. A. Hof- 
mann {Ber., 1898, 31 , 2217; 1899, 32 , 870; 1904, 37 , 4469), Bilta 
and Mumm {Ber., 1904, 37 , 4417), Biltz {Ber., 1905, 38 , 133), 
Biginelli {Ann. Chimica, 1898, 16), and Brame (T., 1905, 87 , 427). 

Reiser, Hofmann, and Biltz and Mumm investigated the white 
precipitate obtained by passing acetylene into an aqueous solution 
of mercuric chloride. Keiser assigned to this substance the formula 
tlHg-C;C'HgCl, which is probably not correct. Hofmann con- 
siders that the first product to be formed is a substance having 
,, . . (ClHg)2C — CClj 

me constitutional formula \/ , this being rapidly 

Hg 

ydrolysed to trichloromercuriacetaldehyde, (ClHg) 3 C'CHO. Biltz 
and Mumm have shown that the white precipitate almost certainly 
as the constitution of trichloromercuriacetaldehyde, but they 
regard the evidence for the formation of the intermediate com- 
pound assumed by Hofmann as unsatisfactory. 
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Brame has pointed out that both Hofmann and Biltz failed to 
notice that Biginelli had observed the formation of small quantities 
of another substance having the ccmatitntion ClHg'HC.CHCl. Bj 
the action of acetylene on a solution of mercuric chloride in dilute 
hydrochloric acid, Brame has prepared the compound in crystal, 
line form and in sufficient quantity to demonstrate some of its 
properties. He concludes that there seems good reason for 
believing that the first action of acetylene on either aqueous or 
dilute acid solutions of mercuric chloride is the formation of the 
compound ClHg'HCiCHCl by direct addition, together with acet- 
aldehyde. He adds, however, that it remains to be proved whether 
this additive compound is an intermediate product concerned in 
the production of acetaldehyde or whether it is a secondary sub- 
stance derived from the aldehyde. 

The chief product of the action of acetylene on a solution of 
mercuric chloride in dilute hydrochloric acid is acetaldehyde, and 
it is therefore unlikely that Biginelli and Brame succeeded in con- 
verting more than a small proportion of the acetylene into the 
additive compound of mercuric chloride and acetylene, and it was 
110 doubt chiefly for this reason that Brame was loth to conclude 
that it was an intermediate compound concerned in the production 
of acetaldehyde. His reluctance to draw this conclusion may also 
have been due to his observation that although the crystals were 
only sparingly soluble in water, they did not begin to separate 
from the mercuric chloride solution until the acetylene had been 
acting on the latter for several hours. 

We have recently discovered a method whereby a large propor- 
tion of the mercuric chloride can be converted into a crystalline 
compound of the composition HgCljjCjHg. From 72 grams of 
mercuric chloride, 50 grams of the additive compound were 
obtained. Unlike the other mercury compounds obtained by the 
action of acetylene on the salts of mercury, it is dissolved by most 
organic solvents. In ether or benzene it is very readily soluble, and 
can be purified by crystallisation from either of these solvents. It 
is also unique in having a low melting point. In this reapect it 
resembles the mercury alkyl and mercury alkyl haloid compounds, 
a circumstance that lends support to the view that the constitu- 
tional formula of the compound is either 

CIHC CHCl 

ClHg-HC:CHCI or \/ 

Hg 

The acetylene was prepared from calcium carbid^ and wa- 
collected in two gas-holders of J8 litres capacity. T e gas 
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circulated for eighteen hours through a saturated solution of 
mercuric chloride in absolute alcohol (72 grams of mercuric chloride 
in 75 c.c. of absolute alcohol) through which a slow current of dry 
hydrogen phloride had been passed for five minutes. After sixteen 
hours, long, colourless, needle-shaped crystals were deposited in 
the solution. At the end of the experiment these were collected 
by the aid of the pump. The mass of the crystals was 10 grams. 
Op pouring the solution into a large volume of water, 40 grams 
of a white solid were precipitated. This was soluble in ether or 
benzene; it was crystallised from the latter solvent, and proved to 
be the same substance as the crystals' which had separated from 
the alcoholic solution during the experiment. 

An analysis of the product furnished the following results: 
Found: C = 7-93; H = 0'693; Cl=23'67. Hg=68-76. 

CjH2.HgC4 requires C=8-07; H=0-677; Cl = 23'83; Hg = 67'42 
per cent. 

Owing to decomposition, the melting point could not be 
accurately determined. It was in the neighbourhood of 113°. 

An attempt was ruade to prepare the compound by passing 
acetylene through an ethereal solution of mercuric chloride in 
which dry hydrogen chloride had been dissolved. The acetylene 
was circulated for twenty hours. At the end of the experiment, 
the ether was distilled off from the resulting solution, and the 
solid residue examined. It was almost completely soluble in water, 
and practically none of it was dissolved in benzene. Therefore 
the solid residue was almost entirely unchanged mercuric chloride, 
and very little, if any, of the additive compound could have been 
formed. It seems likely, therefore, that the compound HgClg.C.Hj 
15 only produced when acetylene is passed into solutions of mercuric 
chloride in ionising solvents, the compound being formed by the 
direct addition of the ions HgCT and Cl' to the unsaturated hydro- 
carbon. 

From the above experiments, it seems probable that the first 
product of the interaction of acetylene and mercuric chloride is a 
rompound having the constitutional formula ClHg-HClCHCl. 
The most interesting property of the compound is its solubility in 
My organic liquids, for this circumstance, and the fact that excel- 
eiit yields cf it can now be obtained, suggest that it may prove to 
e a useful reagent in organic synthesis. 

The Leoline Jenkins Laboratories, 

Jesus College, Oxeord. IReceived, June lOIA, 1919 .] 
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LXX . — The Bade Properties of Phenanthraquinone. 

By Joseph Knox and Helen Keid Will. 


The investigation of the basic properties of phenanthraquinone \ta) 
undertaken as part of a scheme for the investigation of the basic 
properties of oxygen in organic compounds in general. The results 
in the case of organic acids and phenols are given in a paper bj 
Knox and Richards (this v.ol., p. 508), which contains also refer- 
ences to the earlier literature on the subject. 

The method adopted was to determine the solubility of the 
organic compound in water and in solutions of mineral acids of 
increasing concentration. Increasing solubility of the organic com- 
pound with increasing concentration of the acid solution is take 
to indicate salt-formation in solution. The salt-formation is 
assumed to be due to the formation of compounds of the oxoninm 
type by the passage of the oxygen from the bivalent to the quadri- 
valent condition, as explained in the previous communication 
(foe. at.). 

A red, crystalline nitrate of phenanthraquinone is described by 
Kehrmann and Mattisson {Ber., 1902, 36, 343), who ascribe to it 


the constitution 




They also obtained a red, 


crystalline compound of phenanthraquinone with sulphuric acid, 
which, however, was not analysed. They assume that the dark 
green solution obtained when phenanthraquinone is dissolved in 
concentrated sulphuric acid contains a salt in which each oxygen 
atom of the phenanthraquinone is combined with a molecule of 
sulphuric acid, whilst the red, crystalline compound is regarded 
as analogous to the nitrate. 

In the present investigation, the solubility of phenanthraquinone 
in water and in various concentrations of sulphuric, hydrochloric, 
and nitric acids has been determined at 25°. In order that tlie 
solubility determinations in the various acids should he comparable, 
the following method was chosen. A weighed quantity of pure, 
powdered phenanthraquinone was placed in a glass-stoppered flask 
and 200 c.c. of the acid solution were added. The flask was allowed 
to remain in the thermostat at 25° for several days, with frequent 
shaking, until the solution was saturated. Each concentration of 
acid was shaken with phenanthraquinone for varying periods until 
constant results were obtained. The undissolved phenantbr^' 
quinone was then rapidly filtered through a tared Gooch ciucibK 
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washed with cold water until free from acid, dried at 100°, and 
weighed. The solubility in water was determined by shaking at 
25° until saturated and evaporating a litre of the saturated solu- 
tion to dryness on the water-bath and weighing. The following 
are the results of the solubility determinations. The concentration 
of the acid solution is given in gram-equivalents per litre and of 
the phenanthraquinone in grams per litre. 


Sduhility of Phenanthraquinone in Sidyhuric Acid at 25°. 



0-00 5-97 

610 

7-00 

0-48 

11-6 

13-7 

Cone. 

... 0-0076 0 0080 

0-0086 

0-0095 

0-012 

0-019 

0-030 


Cone. HgS 04 

15-1 

17-1 

18-8 




Gone. Ci.HgO, ... 

0-043 

0-082 

0-116 



Solnhility 

of Phenanthra^mnone in. 

Hydrochloric 

Acid at 25°. 

Com. HC! ... 

0-00 3-U 

4-26 

5-12 

6-05 

6-07 

7-20 

Cone. 

... 0-007S 0-012 

0016 

0-023 

0029 

0’031 

0046 


Cone. HCl 

8-50 

9-25 

10-8 




Cone, C 14 H 8 O 2 ... 

0058 

0-088 

0-157 



Si)l'ahilhy of Phenanlhraquinone 

in yitric Acid at 25°. 

Cone. HNO 3 ... 

000 4-26 

4-54 

5-02 

6-15 

6-66 

670 

Cone. CiiH«0;, 

... 0-0075 0049 

0-U53 

0-067 

0-099 

0-114 

0118 


Cone. HNO, 

7-20 

7-45 

8-30 




Cone. Cj.HjOj ... 

0-157 

0-176 

0-227 




These results are shown graphically in the diagram, in which the 
ordinates represent the concentration of the phenanthraquinone in 
centigrams per litre and the abscissas the concentration of the acid 
in gram-equivalents per litre. 

A high degree of accuracy is not claimed for these solubility 
determinations. They are, however, sufficiently accurate to show 
that in every case the solubility increases with increasing concen- 
tration of the acid, indicating that phenanthraquinone has basic 
properties. For the reasons given by Knox and Richards (loc. 

these basic properties are attributed to the formation of salts 
of the oxonium type, in which the oxygen becomes quadrivalent. 

The increase in solubility is greatest in nitric acid and least in 
iiilphuric acid for equivalent concentrations. This was also found 
^0 be the case with organic acids and phenols {loc. dt.), so that 
^alt-forniation occurs most readily with nitric acid and least readily 
'^'hh sulphuric acid, 

All attempt was made to determine the concentration of nitric 

I I* 2 
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acid which is in equilibrium with phenanthraquinone and tie 
nitrate, CuHA-HNO,, according to the reversible reaction 

Ci,Ha02+HN0s= C„HA,HNOs. 

The equilibrium is reached very slowly, however, from the left- 
hand aide. By shaking phenanthraquinone at 25° witi various 
concentrations of nitric acid, it was found that the red nitrate was 
formed with concentrations of acid in the neighbourhood of 12'5J, 
but that slightly more dilute acid acted very slowly, as indicaW 
by the very slow fall in concentration of the acid with continued 
shaking. Even with 12-5iV-acid, the concentration of the acid 
diminished only slightly, although the red compound was obviously 
present, since the nitrate is formed on the surface of the phen- 



anthraquinone and prevents further action of the acid. ^ ^ 
equilibrium was therefore approached from the other 
red nitrate was prepared by the method described by Kehrma 
and Mattisson, and shaken at 25° with various concentration o 
nitric acid. When the concentration of nitno acid was 
n-W, decomposition of the nitrate took place “ 

rapidly until the concentration of the nitric acid rose to this v 
provided that sufficient nitrate was added to have both sob p 
phenanthraquinone and its nitrate, present at 
25°, therefore, phenanthraquinone and its nitrate, s> 

are’in equilibrium with ll-2.¥-nitric acid. 


Chemical Department, 

University or Aberdeen. 


[fieceiverf, 
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LXXI . — The Solubility of Silver Acetate in Acetic Acid 
and of Silver Propionate in Propionic Acid. 

By Joseph Knox and Helen Reid Will. 


The fiolubility of silver acetate was determined at 25° in water 
and in various concentrations of acetic acid, up to about 17iV in 
order to see whether an acid salt was formed under these condi- 
tions. In the analogous case of sodium acetate and acetic acid 
two acid salts, C 2 HANa,C 2 H ,02 and C 2 H 30 ,Na, 2 C,H, 0 , are 
formed (Farmer, T., 1903, 83, 1440; Vasilieff, J. rJ,. 

C/im. Soc., 1909, 41 , 753; Dukelski, Zeitsch. anarg. Ghem. 1909 
62, 114; Abe, Mem. Coll. Sci. Eng. Kyoto, 1911, 3, 13; Dunnins- 

acid at 25 , tte eolubility curve is continuous, indicating that no 
new phase IS formed. The solubility of silver propionate in various 
concentrations of propionic acid was also determined, and a con- 
tinuous solubility curve also obtained. 

The Sliver salts were purified by recrystallisation from water 
and shown by analysis to be pure. Excess of the salt was shaken 
m h water or vaiymg concentrations of the corresponding acid 
until constant solubility was obtained. The silver salt in sLtion' 
« detemnned gravunetncally as silver chloride, and the acid by 
htration wi h sodium hydroxide free from carbonate. The expert 
mental results are as follows. The concentration of the silver salt 
isjiven in grams per litre, and that of the acid in gram-equivalents 


SohhiUty of Silver Acetate in Acetic Acid, Solutions at 25°. 


!;;ouc. C,H,0,Ag. 
tone. C,H,0, ... 

Ceuc- C,H.O,Ag. 
Com. C,H.O, 


1M3 

O'OO 

6-78 

9-96 


10-73 10-32 9-9S 9-52 9-19 8-72 
1 00 2-00 2-98 4-19 4-98 5-D9 


8-29 7-73 7-31 
6-80 8-01 8-97 


6-15 

11-02 


5-33 

12-32 


4-96 

12-97 


4-29 

13-97 


3-43 

14-96 


2-48 

15-93 


1-09 

17-28 


of Stiver Propionate in Propionic Add Solutions at 25°. 
?•!? ?•?? 6-78 4 
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The results of the solubility determinations are shown graphic- 
ally in the diagram, in which the ordinates represent the concen- 
tration of the silver salt in grams per litre and the absciss® the 
concentration of the acid in gram-equivalents per litre. 

The solubility of silver acetate in water at 25° is given by Gold- 
schmidt (Zeitsch. physikal. Ghem., 1898, 25, 91) as 11’18 graaj 
per litre, and by Jaques (Trans. Faraday Soc., 1909, 5, 225) as 
11*07 grams per litre. The value obtained by interpolation from 



Raupenstrauch’s results at 20° and 30°, recalculated to grams per 
litre, is 11*21 grams (Monatsh., 1885, 6, 585). For silver pro- 
pionate in water at 25°, Goldschmidt {loc. cH.) gives 9*04 grams 
per litre, and the same figure is obtained from Raupenstrauch's 
results {loc. cii.). These values for the solubility of silver acetate 
and silver propionate in water at 25° agree closely with ours. 

Cheutgal Depabtment, 

XTnivkbsity or Aberdeen. [BcceivedrJ’wJW 16^^, 1910 ] 



JJICKOLSON : EMISSION SrECTRA AND ATOMIC STRUCTURE. 855 


Emission Spectra and Atomic Structure. 

A Lecture Delivered before the Chemical Society on 
March 6th, 1919. 

By John William Nicholson. 

The invitation of the Council of tho Chemical Society to take part 
in a series of three lectures during the present session is peculiarly 
acceptable to me, in that it gives me an opportunity to draw 
attention to certain problems of atomic structure in which further 
progress can scarcely be hoped for without a more complete co- 
operation between the physicist and chemist than has hitherto 
been customary. 

The chemist appeals frequently to the physicist, or even to the 
mathematician, for guidance. I wish to emphasise, and I hope 
that my remarks will serve to do so, that it is even more a necessity 
that the real aid to be invoked in the problem which we share in 
common — that of the elucidation of the nature of the elementary 
atom— is that of the chemist. It is my belief that this problem 
will not proceed further towards a satisfactory solution without 
the joint action of the physicist and the chemist, who have hitherto 
tended to work in separate channels, without a complete knowledge 
of their mutual activities. Some of the problems iii which co- 
operation is desirable I hope to indicate, perhaps vaguely, but 
sufficiently clearly for those of us who have really common interests. 

Prof. Soddy has relieved my task very much. One of the 
pioneers on the chemical side, he gave an account of the bearing 
of chemistry on the problem of atomic structure which is beyond 
criticism, and to which nothing further can really be added from 
that point of view. Some questions were raised on which more 
could perhaps be said — for instance, the spectra of isotopes, to 
which I may refer again. As regards his address, I should like 
to say at the outset that the views therein expressed cannot be 
contested seriously by the physicist or the mathematician who has 
worked at the problem of atomic structure. 

My own object is to consider this problem from the point of 
view of spectra. I will endeavour to confine my remarks to the 
ffiore immediate issues, for the subject of spectra is at present so 
vast as to transcend any delimitation as a branch of chemistry or 
'’f physics. I must consider it only from the point of view of 
atomic structure, which I have already described as the ultimate 
of both physics and chemisti'y, an aim only to be achieved by 
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C(H)perative effort, and preferably by the existence at the saas 
time of strong chemical and 'physical schools at one of our leading 
universities. Prof. Soddy began at the "heavy” end of the 
periodic table of the elements. I shall, in effect, begin at the 
“light” end — with hydrogen and helium and possible lighter 
elements. Before I so begin, however, a few words regarding the 
nature of spectra are necessary — and my remarks are confined to 
emission spectra, and nob absorption spectra, which, although of 
supreme importance to the chemist, are less interesting as bearing 
on the structure of the atom. 

Any complete account of the nature of spectral series, as 
elucidated by experiment, would be quite outside the limits of time 
of a single lecture. I must perforce neglect various matters, such 
as satellites of spectrum lines, as of secondary importance. Ths 
account of spectra which I give must be accepted as an ideal 
simplification of existing spectra, to which, nevertheless, theories 
of atomic structure must conform. Moreover, it is not to be under- 
stood that such an account is valid for the heavier elements, the 
spectra of which exhibit a more complex scheme of relations, hut 
since atomic theories must in practice be illustrated or even con. 
firmed from the lighter and more chemically simple elements, show- 
ing the simpler types of spectra, no disadvantage is therebr 
involved. 

Series of spectrum lines will then be regarded as falling into 
three mutually related sets — the so-called diffuse, sharp, and prin- 
cipal series. The existence of any one of these implies that of the 
other two, and the lines constituting any one of these series m>y 
he single, double, or triple. An element may emit two distinct 
sets of series, perhaps more. For instance, helium gives three 
series of single lines and three of doublet®. It is a great advantage 
to work with wave numbers, or numbers of complete wave-lengths 
in a centimetre, rather than wave-lengths themselves, in the dis- 
cussion of series, for this procedure enables the relations of the 
three types of series to be stated very simply. If we proceed along 
a spectrum series towards the violet, the lines are seen to become 
closer and closer together until a limit is reached at which two 
successive members coincide. Lines are never, in fact, visible m 
the laboratory near this limit, although their convergence towards 
it can be seen readily enough, the actual lincit being a matter of. 
calculation. The diffuse and’ sharp series tend to the same limit 
in all cases, and from this limit we can calculate, and thereby 
predict, the wave-number intervals between the lines of tie pnn' 
cipal series. The Bydherg-Schust^r Ijtw gives also the limit of 
principal scries, 
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In regard to double lines, the series relations are even more 
interesting. The wave-number interval between the tw* members 
of a doublet is constant along the diffuse and sharp series— the two 
members form separate series tending to different limits. In a 
principal series, on the other hand, they tend to the same limit, 
and the doublets rapidly ■ become narrower towards the violet end 
of the spectrum. 

Our present interest in these questions is mainly confined to the 
discovery of a chemical atom which can produce a set of ethereal 
waves the frequencies of which are related in this curious manner. 

I will endeavour to summarise some of the more extreme difficul- 
ties met at the outset. In the first place, a series contains an 
infinite number of lines, and if the spectra are in any sense 
dynamical vibrations of the atom, the frequencies of which are 
transmitted to our instruments by the ether, the atom must have 
an infinite number of degrees of freedom. This is not consistent 
with the very finite number of possible vibrating parts which, 
from many converging lines of evidence, we are now compelled to 
assume for its structure — the positive nucleus and some electrons in 
rotation round it. The only way to surmount this difficulty is, in 
fact, to postulate that series spectra are derived from the nucleus, 
and are not a question of the outer electrons. This nucleus must 
then be endowed with an extremely complex structure. In this 
way, we might hope to preserve the conception of spectra as 
dynamical vibrations, and all the lines of the three series might 
then arise simultaneously from the same atom. We cannot 
altogether reject this possibility, but if it were more than a possi- 
bility, we should be driven to a very disappointing conclusion. 
For nuclear structure is a thing we may, and often do, speculate 
about, but it is at the same time practically beyond the power of 
our experimente. We know, for instance, that a- and 3-partioles 
iu radioactive phenomena are shot from the nucleus, but nothing 
we can do appears to have any retarding or accelerating effect on 
such phenomena or to give a clue to the arrangement of the 
particles before their emission. We cannot, in fact, influence the 
nucleus in any effective way, but only its surrounding electrons. 
Speculative theories of spectra as arising from a nucleus may then 
be constructed in the future, but there would remain the funda- 
mental difficulty of testing them experimentally. Many pheno- 
mena, however, for instance, the Zeeman and Stark effects, and 

6 curious variations shown in the spectra of mixed gases, seem 
^0 indicate that the surrounding electrons are vitally concerned 
and that the nucleus gives us no mode of escape. 

Since we cannot have tho infinite number pf degrees of freedom, 
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the conception of an infinite number of states of an atom arises 
with a finite number of spectrum lines— perhaps only one— corre- 
spending with each state. Two lines of the same series are then 
never given simultaneously from the same atom. This underlies 
the two theories of production of spectra which have achieved some 
success, namely, the theories of Ritz and Bohr, on which more will 
be said later. 

The second difficulty to which I shall refer is that all the formub 
which give a useful expression for the series relations of spectral 
lines serve to show quite conclusively that the frequencies of tie 
lines are simple functions of a quantity to which we can assigti 
any whole-number value we please, each value corresponding witk 
a definite line. Dynamical theory always leads to an expression 
for the s?twre of the frequency, and the frequency itself is a square 
root which ordinarily does not work out into a simple form. This 
difficulty is of a type which I do not wish to expound at length 
now, hut it is sufficient to say that a satisfactory theory of spectra 
as atomic vibrations must lead to an equation giving the frequency 
itself, and not its square, in the first instance. There is only one 
known case in which this occurs, namely, the case in which the 
forces which regulate the vibrations of the atomic electrons are 
mainly magneHc. This is the manner in which Ritz overcomes the 
difficulty. He found it necessary to postulate the existence of a 
specific magnetic moment — the magneton, in fact which was in- 
variable, like the electric charge of an electron, from atom to 
atom. An atom could contain various numbers of magnetons, each 
corresponding with one of its “states,” and each state gave a 
spectrum line when the electrons of the atom vibrated under the 
influence of the elementary contained magnets. 

This theory of spectra was extraordinarily successful. Its 
prophecies were verified at every turn, and it was the instrument 
which, more than any other, has directed the experimental worko 
spectroscopists into fruitful channels and led to a consolidation 
of the phenomena of spectra into great generalisations which are 
now fully established. It led, in fact, to the well-known cm- 
hinntion prinaplc of spectra on which Bohrs theory was su s 
quently founded. The defects which are regarded as fatal to i 
are derived from other considerations than those of spectra. “ 
problems as the scattering of a- and 8-particles by atoms, 
experimentally and compared with the theory deve ope . 
Darwin, Bohr, and others, do not appear to be 
such fields of magnetic type, although Hicks has had some 
in the contrary direction in interpreting the deflec ions o 
particles by a magnetic core of the atom- 
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I do not propose to say more regarding the existence of magnetic 
forces within the atom or as regards the existence or non-existence 
of the magneton itself. There is a vast amount of literature on 
the subject, which only, in fact, comes into the scope of existing 
theories of spectra in the manner already briefly indicated. The 
other theory which has had some success in explaining series spectra 
is of quite another type, and does not admit such magnetic forces. 
We shall discuss it later, but shall proceed at present to consider 
some spectra which do not form ordinary series. 

It is difficult to think of an atom as a nucleus of positive elec- 
tricity with satellite electrons without imagining that the atom 
is capable of vibrations of a periodic type, and that these vibra- 
tions must show themselves in the form of optical wave-lengths. 
The«e should, from general considerations, have a frequency which 
brings many at least into the visible spectrum. The argument is 
founded merely on the accepted — from many well-established facts 
—values of the radii, electronic velocities, and so forth. I will 
proceed to give a short account of some of my own work in this 
connexion, the data on which it is founded being mainly those of 
spectroscopic astronomy. 

In the first place, one very general result must be stated. It is 
50 frequently ignored in the construction of theoretical atoms that 
too much emphasis can scarcely be given. Under the inverse 
square law of attraction or repulsion of elements of electricity, or, 
indeed, any inverse law at all, coplanar rings of electrons are not 
possible, in the sense that even an undisturbed atom cannot pre- 
serve its configuration. The conclusion may probably be extended 
to non-coplanar rings. 

Rutherford has shown that the nucleus apparently continues to^ 
act on electrons with this law at distances less than the atomic 
radius, and there is much evidence that the electrons continue so 
to act on each other. If this is confirmed further, the explanations 
of the phenomena of Rbntgen radiation, based on transfer of an 
electron from one ring to another, will fall to the ground. The 
f=iibject has many ramifications, and the following statements, cap- 
able of logical demonstration, show the chaos in which the physics 
of the atom is now involved : — 

(1) Experiments on scattering of a- and jS-parj^icles by atoms 
indicate that the usual laws of electrical action are valid indde 
the atom. This precludes comparable forces of magnetic origin. 

(2) Separate rings of electrons are impossible if (1) is true, and 
this vrould annihilate attempts hitherto mad© to interpret the 
characteristic JC-radiation of atoms, which then can only be a 
property of the nucleus. 
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(3) The now accepted dimensions of this nucleus are not cob- 
sistent with (2). They are also not consistent with the fact tijt 
it is capable of sending out ^-particles during a radioactive change, 
for a single |8-particle is much larger then a nucleus. 

It would be possible to continue such a table of contradictions 
for a considerable time, and if the quantum theory is invoked, the 
situation is little better. I do not wish to do more than indicate 
the position, for more could not be done in a sufficient space. 
What I wish to make clear is that whilst those who, like Trot 
Soddy, discuss radioactive phenomena, proceed from the “heavy” 
end of the periodic table, any constructive account of spectra must 
begin at the “light” end. 

For the simplest possible elements, there can only be a question 
of one ring, whatever view is adopted. My own procedure was as 
follows. Taking the ordinary laws of electrical action, it is possible 
to work out the frequencies of dynamical vibration of an atom 
with, say, any number of electrons up to six, in one ring, rotatiug 
round a nucleus of any defined strength. The ratios of these fie- 
quencies are pure numbers in most cases, although for certaii 
defined vibrations there is a small correction involving the ratio 
of mass of the electron and nucleus. We may search for vibra- 
tions, falling into groups with the prescribed ratios amonj 
individual members, in any spectrum that is known to emanate 
from matter of the simplest form— determined hy the fact that no 
known element heavier than helium, for instance, is indicated as 
being present— and if such a spectrum is found which falls com- 
pletely into such groups there is an a priori case for the con- 
clusion that we have given a theory of the spectrum which is satis- 
factory, and of necessity settles many points of atomic structure. 

The nebulae and the solar corona have been generally believed 
to consist of the simplest forms of matter. They have always been 
invoked by speculators on the periodic table and its possible 
"early” elements, and with much reason. The spectrum of > 
nebula, for instance, contains only lines of hydrogen and helium, 
and others which cannot be produced in the laboratory after every 
possible mode of deriving them from likely elements has been tr.ed. 
The spectrum of the corona, whilst rich in lines, contains nothing 
that can be pijoduced in the laboratory. Naturally, in a searcl 
for the groups in specified numerical ratios, derived from precisely 
described atoms, we began with these spectra. The results vert 
startling. The coronal spectrum consists entirely of linK— n 
number about thirty-six — which all fit precisely into the sc em* 
of ratios for elementary atoms in which the nucleus has a c urge 
01 7c, and five or seven electrons rotating round itj the * 
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may be, in ite normal state, and smaller or greater numbers in its 
charged states. The chemical identity of the atom must be 
regarded as determined by the charge of its nucleus — or its atomic 
number. The whole coronal spectrum can thus be linked up as the 
superposed spectra of two chemical substances, and represented by 
simple formulae. It was found, moreover, that these formula 
I would go further and predict the existence of new and unobserved 
: spectrum lines. A notable instance was the coronium line A 6374 
■ found by MM. Deslandres and Carrasco some time after the publi- 
cation of the formula which predicted it, and similar predictions 
in the case of the spectra of planetary nebul® have been verified. 
The corresponding substances in the nebulae which are invoked as 
hypothetical entities are the same in kind as those for the solar 
corona, differing only in nuclear charge or atomic number. It is 
curious to note that the atomic numbers of the necessary hypo- 
thetical atoms for nebute are the even numbers 2, 4, 6, and for 
the corona they are odd numbers, 5, 7. The coronal spectrum 
appears to come in the main from these hypothetical atoms endowed 
with strong negative charges, for instance, the afom le with 9 
revolving electrons. This points to an abundance of negative 
electrons in the corona, unattached to atoms and readily capable 
of attachment. There is much evidence, at the same time, that 
the atoms themselves are endowed with very high velocities, and 
]nay be a new form of o-particle. 

To return to our main argument. What all these atoms share 
in common is the fact that their angular momenta are simple 
multiples of a constant unit. Armed with this generalisation, we 
can calculate the spectrum of any of these hypothetical elements — 
say one in the nebula— from that of another of different chemical 
nature— say one in the corona. I ventured to put forward the 
suggestion that this was the real basis of the quantum theory, and 
that the angular momenta of the electrons in all atoms were related 
in this simple way to a universal constant of nature, which, being 
an angular momentum, had the proper dimensions, and even the 
proper numerical value, as calculation showed, of Planck’s unit. 

Dr. Bohr, in the theory of series spectra which he subsequently 
put forward, adopted this generalisation. Prof. Jeans is to address 
you on the subject the friiige of which we are now touching, so 
that I will proceed no further, but turn aside to another aspect of 
unportanee to chemists. We have seen already that in certain 
spectrum lines calculated in the way outlined above, there will be 
“ small discrepancy of wave-length due to the fact that the nucleus 
ise oscillates, as well as the electrons, in the types of vibration 
iioing these lines. Its mass must therefore enter into the 
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question in these special cases, and it enters as a small term of 
order mjM, where m is the mass of the electron and M that of tke 
nucleus. From the discrepancies, we can calculate Mjm, whid 
with our practical knowledge of Hjm, where H is the mass of tie 
hydrogen atom, gives us MjH, the atomic weight of the hypo, 
thetical atom. Very concordant results are obtained from these 
calculations. The atomic weight of coronium, the name given to 
the hypothetical atom causing the most striking line A 5303 in the 
coronal spectrum, is 4-0, suggesting that it may be a helium atom 
radiating in an unusual manner in an unusual environment; but 
the atomic weight of the other element there required is 2'0, which 
corresponds with no known terrestrial element. Again, in the 
nebulte, the two most important atoms required give atomic weight* 
1'3, 3'0, again with no known terrestrial equivalent. Yet, never- 
theless, MM. Buisson and Fabry, by their method of determining 
the mass of a radiating atom from the interference of its radiation 
experimentally confirmed the value 3’0, and showed that the 
element for which our value is I'S had an atomic weight greater 
than, but not much greater than, that of hydrogen. It seems 
necessary to presume the existence, in circumstances which we 
perhaps are unable to produce at present in the laboratory— and 
maintain for a length of time — of such atoms which may not be 
chemical elements in the sense ordinarily understood by that term. 

We have, in fact, two alternatives. Either the atoms in ques- 
tion have not an existence or have not been produced terrestrially, 
or we have not yet excited them in the laboratory in the appro- 
priate manner to produce such spectra. The latter alternative 
seems more probable. There is reason to believe that the coronal 
spectrum at least consists of a somewhat scattered “ negative hand” 
spectrum, produced in the presence of an excess of electrons by a 
very mild form of excitation. However that may be, these spectra, 
although without doubt the first spectra to receive a strict 
theoretical basis which is satisfactory, are not series spectra as 
known to us, being in the nature of their relations very analogous 
to, and without doubt a special case of, hand spectra. Series 
spectra themselves, as defined above, cannot, as we have seen, be 
ascribed to dynamical vibrations about an atomic condition »• 


steady motion. 

Before we proceed to series spectra, we should perhaps state tb* 
assumptions involved in the above work. They are, in elect, 
identical with the conclusions derived by Sir Ernest Rutherford on 
experimental grounds about six mouths after the publication oi 
the first paper in which some of these results were obtained. 1“ 
fact, they can all be included in the statement that the nucleus is 
at least as small as an electron, and that the law of foro® between 
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electric charges is strictly — ^to an extreme order of approximation — 
that of the inverse square. It is not necessary at this point to 
emphasise the very definite atomic structure which these results 
ijuply. The law of inverse square, the small nucleus, the existence 
of Planck’s constant as a universal angular momentum, are simple 
examples of what can be deduced. The law of at least some 
negative spectra of atoms, previously unknown, is another corollary. 
Many of these deductions have been confirmed by the later experi- 
mental work, on quite other ground, of Rutherford and of his 
colleagues, and have to a large extent become part of the essential 
basis of Bohr’s theory of spectra and its extraordinary con- 
sequences, recently worked out by Paschen and others, in regard 
to the fine structure of lines in the spectrum of hydrogen. 

The spectra which we have just described are not series spectra 
in the ordinary sense of the term. They are in all essentials band 
spectra. Their production in the laboratory from known materials 
involves a new type of experiment — an experiment in which a gas 
of extreme tenuity must be excited by an electric force insufficient 
to ionise the gas and thus detach an electron, but sufficient to show 
a ' dynamical vibration ” spectrum after an exposure of many 
hours. No such form of excitation has yet been tried in any 
experimental production of spectra, but it is now being tried by Dr. 
xMerton, It appears to be the only hope of producing some of these 
elusive astronomical spectra in the laboratory, and thus reaching 
one of the goals of the astronomical spectroscopist. 

It is already clear that series spectra cannot be “dynamical 
vibration ’’ spectra from the reasons cited above. What are they ? 
The only suggestion which has met with any considerable success 
is that of Dr. Bohr. Proceeding from the point of view outlined 
above, he supposes, for instance, that an aU>m of hydrogen can 
have one electron rotating with an angular momentum which is 
any multiple of hj2ir, where k is Planck’s constant. He calculates 
the energy in any such state of rotation — a statiomry state—and 
assumes that radiation is emitted in the passage between two such 
stationary states of amount equal to the loss of energy between 
the states, and also of amount Av, where, in accordance with 
iPlanck’s law, v is the frequency of the emitted vibration. He thus 
tlediices the hydrogen spectrum, as containing the frequencies 



'vhere m and n are any integers and if is a universal constant 
dependent on Planck’s constant, the calculated value of which 
approximates in a remarkable way to Rydberg’s universal constant 
ot spectra. The theory does, in fact, reproduce the hydrogen 
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spectrum, although, of course, that of Bitz, founded on the 
magneton, did the same, and is too frequently ignored. I wig), 
at this point to make a remark which seems to me essential, arnj 
relates to a matter not previously dealt with effectively by 
theoretical physicists intent upon constructing models of a hydrogen 
atom which can give the Babner series spectrum. This spectrmn 
consists of about six lines in the laboratory. The actual spectrum 
of the hydrogen atom contains more than a thousand lines, the 
rest being the so-called "secondary spectrum.” At least sir 
theories of a hydrogen atom have now been given, leading to the 
Balmer series as its spectrum. But none’ gives any clue to the 
origin of the secondary spectrum of hydrogen, which is the real 
key to the problem of atomic structure, for it is known to be due 
in the main to the hydrogen atom, and nob the molecule. I regard 
the disentanglement of this spectrum into its component bands 
and series as the most fundamental problem of modern spectro- 
scopy. It is the great simplicity of the formula for the Baker 
series which renders it so easy to construct physical theories to 
account for it. These theories are, nevertheless, unable to carry 
conviction if they do not provide for a much more extensive spec- 
trum of the hydrogen atom, and no theory has yet even begni 
this task, which is one of great difficulty in the case of an atom 
believed to contain only one electron. 

I have naturally confined my attention mainly to the more 
fundamental matters which relate to the simplest chemical atoms. 
Time is too short to enter into many other interesting points, suet, 
for instance, as the fine structure of the hydrogen lines, which Dr, 
Merton and I have been elucidating recently. It is now known, 
for instance, that the Balmer series is a principal series, and not 


a diffuse series, as hitherto assumed. This result alone has an 
important bearing on the mechanism of production of thia series 
from an assigned atom. If we were to discuss the spectra of mixed 
gases or of molecules, a host of problems remains to be solved, and 
can only be solved by co-operation of the physicist and chemist 
To give only one instance, we may ask a question. In a mixture 
of calcium and barium molecules, with perhaps a temporary 
association CaBa, what relation would the spectrum of such a 
molecule have to those of the calcium and barium molecules! Tt® 


whole question of the spectra of the temporary associations found 
in vacuum tubes, and analysed by Sir J. J. Thomson’s method of 
“ positive rays,” remains for solution. All such work will beat 
on the problem of atomic structure, for an atom is not satisfacto^ 
unless it also forms molecules the spectra of which are deduci e 
from that of the atom. No present model of a hydrogen atom 


appears as yet to have succeeded. 



jeans : THE QCANTOM THEORY, ETC. 


865 


The Quantum Theory and New Theories of 
Atomic Structure. 

A Lecture Delivered before the Chemical Society ok 
May 1st, 1919. 

By James Hopuood Jeans. 

The problem of the structure of matter falls into two parts: first, 
the problem of determining the constituent parts of matter, and", 
;ecoRd, that of determining the laws according to which these 
-onstituent parts move and react with one another. 

It has for some time been universally accepted that the funda- 
mental constituents of matter are electrical in their nature, consist- 
ing of bodies of infinitesimal size carrying electric charges which 
are inseparable from them. Briefly speaking, matter is made up 
3f positive and negative charges of electricity. The properties of 
the bodies carrying the negative charges are fairly well known. 
These bodies are the negative electrons; they all carry preciself-, 
the same charge and have precisely the same mass. They are 
independent of the chemical nature of the substance to which they 
belong, and so form standardised and interchangeable parts of all 
atoms. The same electron which at one instant forms part of an 
atom of hydrogen may at some future instant form part of an 
atom of iron; at another instant it may play the role of a “free” 
electron, its motion contributing to the carrying of an electric 
current through a mass of metal or of gas. 

The properties of the positive charges, or “nuclei” as they are 
commonly called, are known with less certainty. I will try to 
hsciiss these properties in their logical order rather than in the 
chronological order of their discovery. Rutherford has proved 
fhat the a-rays emitted by radioactive subataiices are positively 
charged particles; he has shown that they all carry the same 
charge, and that this is equal, numerically, to tv/ice the charge 
carried by ?. negative electron. If — c is the charge carried by 
each negative electron, the a-particle carries a charge -f 2 c. Thus 
^11 o-partielo and two negative electrons would form a system 
carrying zero charge — an electrically neutral system. The system 
constituted in this way has been shown by Rutherford to be the 
’lonnal helium atom. Thus the positive nucleus of the helium 
is simply the a-particle; its charge is + 2 C; its mass is, of 
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course^ the mass of the helium atom minus twice the mass of ^ 
negative electron. Since the mass of the helium atom is about 
7300 times that of a negative electron, we may say that the positive 
nucleus carries practically all the mass of the helium atom. 

The size of the negative electron is well known. The variation 
of its mass with its velocity proves that the whole of its mast is 
electromagnetic, and this circumstance enables us to assign to it tie 
definite radius 2 x 10“^* cm. The size of the helium atom is also 
known — from the kinetic theory of gases. Its radius is almost 
exactly 10”* cm., or just about 50,000 times that of the negative 
electron . 

We are led to wonder whether the positive nucleus carries most 
of the “size” of the atom as well as most of its mass. The answer 
is provided by experiments on the scattering of a-particles bj 
matter. Imagine a jet of o-particles directed on to a thin sheet 
of matter. If the o-particles were of the size of helium atoms, it 
is clear that they would be obstructed at every point by the atoms 
of the matter, and would not emerge as a jet at all. It has, in 
point of fact, been found that the majority of the o-particles 
emerge with their paths only slightly deflected by their encounters 
with the atoms of the matter, whilst a few have their paths 
Reflected through quite large angles. The iflference which must 
be drawn is that not only are the o-parlicles excessively minute, 
but also that the parts of the atoms which are effective in deflecting 
the paths of the o-particles are themselves excessively minute, 
The actual amount of scattering observed agrees quantitatively 
with this conclusion, provided it is assumed that each atom con- 
tains only one positive nucleus, its size being infinitesimal compare! 
with the size of an atom, and its charge being approximately pro- 
portional to the atomic weight of the matter. 

Thus the normal atom is found to consist of a certain number, 
iV, of negative electrons, each of charge — c, and a positive nucleus 
of extremely minute size and of charge Ne. For helium we have 
already seen that iV'=2, and the question immediately arises as to 
the value of W for other elements. 

This problem has been solved by experiments on the X-aj 
spectra of the elements. Suppose the elements are arranged iu 
order of their atomic weight, beginning with hydrogen, the lightest, 
leaving unoccupied gaps where the periodic law suggests that as 
element remains to he discovered, for example, between tun^ ® 
and osmium, and reversing the order of elements where t is i- 
demanded by the periodic law, so that, for instance, co 
placed before nickel and argon before potassium. The a 
number ” N of any element is that which represents its position 
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this series. Thus for hydrogen = for helium N=2, for lithium 
,V^3, for argon iV = 18, for potassium 19, for silver N^il, and 
so on. Then Moseley and others have proved — and I think most 
physicists are content to accept the proof as conclusive — that the 
number of negative electrons in the normal uncharged atom of any 
element is equal to the atomic number N of that element. The 
charge on the positive nucleus of an atom of an clement is accord- 
ingly Nc, where N is the atomic number of the element. 

This settles, I think, in the opinion of most physicists, finally 
nud incontrovertibly, the problem of determining the ingredients 
of the atom. The uncharged hydrogen atom consists of a single 
negative electron of charge —e and a positive nucleus of charge 
-i-c, the mass of which is something like 1840 times that of the 
negative electron. The uncharged helium atom consists of two 
negative electrons and a nucleus of charge 2c, aud so on. 

The problem of determining how these constituents are arranged 
and move inside the atom is still far from complete solution. The 
material we have to work on consists almost entirely of the spectra 
oi the dements; these provide a mass of data which admit of 
accurate measurement to five, or even six, significant figures. 
Knowing the structure of, say, the hydrogen atom, we could calcu- 
ate its spectrum if we knew its laws of motion, just as Newton,’ 
lonjecturally knowing the law of gravitation, could calculate what 
he orbit of a planet ought to be. 

Suppose, for instance, that the positive nucleus and the negative 
electron, which form the normal hydrogen atom, moved according 
to the ordinary electrostatic law, by which the force varies as the 
inverse square of the distance. The positive nucleus, being 1840 
times more massive than the negative electron, would remain prac- 
tically at rest, whilst the electron would describe an elliptical 
orbit about it. The radiation which would be emitted by an 
electron describing such an orbit can readily be calculated. There 
ft’ould be orbits of all pcKsible sizes, and therefore of all possible 
Periods, so that the emitted radiation would be of all possible fre- 
Ifeeccies— in other words, the spectrum would be continuous. 
5ince the spectrum of the hydrogen atom consists of sharply defined 
lines, it is therefore at once clear that the motion in the hydrogen 
Item is not governed by the ordinary electrostatic laws. Precisely 
Similar reasoning shows that the electron cannot move under any 
continuous force from the positive nucleus. 

Knowing the laws of motion, we could determine the spectrum. 
Unfortunately, the converse problem is not soluble; knowing the 
ipectrmn, we cannot deduce the laws of motion. Some knowledge 
a general kind can be obtained — in particular, the laws of motion 
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are necessarily discontinuous, for continuous laws of motion woulj 
lead to a continuous spectrum. 

So far, We have considered the atomic spectrum. A somewtat 
similar situation presents itself when we turn to the considerati® 
of the continuous spectrum of a solid. Except for irregularitij, 
arising from imperfect emission of the surface, all solid bodies give 
the same spectrum at the same temperature. The nature of this 
.spectrum depends on the laws which govern the motion of the 
electrons by which the radiation is emitted. Different spectra 
would correspond with different laws of motion, and conversely. 
Again, if we knew the laws of motion, it would be possible to 
determine the spectrum. 

If the motion of the electrons were governed by the classical 
laws of mechanics (Newton’s laws), it can be shown that tho 
spectrum would be of a very special type — there would be no wave- 
length of maximum energy, but the energy would increase it. 
definitely as the wave-length decreased, Thus the total spectiil 
energy at any finite temperature would be infinite, all the energy 
running into the waves of shortest wave-length. It is therefore 
clear that the motion of electrons is not governed by the classical 
laws of mechanics. 

In 1901 Planck, starting from a system dJ laws which differed 
entirely from the classical laws, and in particular involved the idea 
of discontinuous motion, arrived at a spectral formula which has 
since been found to agree extremely well, probably perfectly, wijh 
the observed spectrum of a solid. Although Planck’s spectral 
formula, regarded as an expression of a fact of nature, has sines 
gained universal acceptance, his method of deducing it has b«n 
widely objected to, mainly on account of his assumption of dis- 
continuous motion. In 1910 I was able to show that Plancb 
formula could not possibly be arrived at except from a system ol 
laws which involved discontinuities of some kind, and, further, I 
found that the nature of these discontinuities must necessarily to 
substantially of the type already assumed by Planck. Almnst 
identical conclusions were enunciated by Poincare about a yef 
later, together with important additions. 

Thus from a study of the continuous spectrum of a solid we coii- 
clude that the motion of the radiation-emitting electrons must be ol 
a discontinuous nature. It is, unfortunately, not possible to specif) 
the nature of these discontinuities completely, but a good deal is 
known. When the electron is executing isochronous vibrations, tie 
total energy of the vibration (potential plus kinetic) must f» 
into “ quanta.” The energy may be equal to one quantum, 
quanta, etc., but cannot involve fraction? of the quantum. T m 
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energy changes, there must be an instantaneous absorp- 
tion or emission of a whole quantum of energy. In general, how- 
ler when the energy of a vibration changes, the frequency also 
changes. Now the “ quantum ” of energy is not the same for all 
vibrations; it depends on the frequency of the vibration. If v is 
the frequency, the quantum is Av, where A is a universal constant 
cf nature — Planck’s “ Wirkungsquantum.” Thus if an electron 
jnmps from a vibration in which it has n, quanta, its frequency 
being Vj, to a vibration in which it has quanta, its frequency 
being V 9 , it must instantaneously emit an amount of energy 

;i(BjVi-n2V2). 

Evidence as to what happens to the energy thus suddenly emitted 
is provided by the photoelectric phenomenon. To ionise an atom 
of any substance requires an amount of energy, Q, which depends 
on the nature of the atom. Now the atoms of any substance can 
he ionised by light, but only by light the frequency of which is 
above a critical value Vq, which again depends on the nature of 
the atom. This frequency Vj is related to the energy Q required 
for ionisation by the relation Q-hv,) (approximately at least). 
Thus it loolts as though light of frequency v travelled through the 
ether tied up in some way in bundles of amount Av — in fact, in 
quanta. This is Eimtein’s hypothesis of light-quanta; no doubt it 
does not express the whole truth, but it must be somewhere near 
to the truth. 

^Accepting this hypothesis provisionally, the amount of energy, 
/i(niVj-n.jV 5 ), which we imagined to he set free from one atom, 
will wander through space as a single quantum ; in order that it 
may satisfy the quantum relation (euergy=Av), its frequency must 
be. jqvj— « 2 V 2 . 

On these foundations, Bohr has, with extraordinary skill and 
acumen, developed his theory of line-spectra. The frequency iq of 
the original vibration having quanta must depend on ?q, and 
similarly v^ must depend on lu. Thus the frequency of the 
0.001164 vibration will be expressible mathematically in a formula 
jf the type 

/l(»l)-/s(«2). 

and on giving all possible values to and we ought to obtain 
the whole line-spectrum of the element. 

The case of the hydrogen atom is particularly simple. To a first 
approximation we may consider the massive positive charge as 
being at rest, and the formula is found to be 
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This gives exactly the hydrogen spectrum (Balmer’s Beries,beuig 
given by «i=2, Lyman’s series by »i=l, etc.) provided N is equj] 
to Rydbergs constant. Now the theoretical value of !f depends 
only on universal constants of nature. The value of each of these 
is known to about 1 part in 200, and on inserting these values, the 
theoretical value of iV is found to be equal to Rydberg’s constant 
to about 1 part in 200. There is thus the most brilliant agreement 
both quantitatively and qualitatively, between the observed 
spectrum of hydrogen and the theoretical spectrum predicted bj 
Bohr’s theory. 

The assumption that the massive positive nucleus stands at rest 
is only approximately true; actually it will oscillate round the 
centre of gravity of itself and the negative electron, and this will 
introduce a correction of the order of M jm, the ratio of the mass 
of the nucleus to that of the electron. By comparing the 
theoretical correction with spectroscopic observations, Fowler has 
deduced for the value 1835, a value which agrees exceed- 
ingly well with other determinations of M and m. 

Still one other correction of a most fascinating kind must be 
mentioned. Bohr’s theory takes its simplest form when the 
electron orbits are assumed to be circular; the simple spectral lavs 
are exact for circular orbits. Consistently with the quantum 
dynamics, however, the electron can also describe a series of 
elliptic orbits. This possibility gives rise to a new series of fie- 
quencies which diSer only from those of circular orbits by quan^- 
ties of the order of (v/ V)^, where V is the velocity of light and t 
that of the electron in its orbit. The theory of relativity makes 
it possible to calculate the corrections to the frequencies introduced 
by the ellipticities of the orbits. Sommerfeld has carried the 
calculation through, and believes that the whole series of frequencies 
exactly account for the fine structure of the spectral lines. The 
agreement, so far, is limited to the single line ; for this, it is 
perfect both qualitatively and quantitatively, and I venture to 
predict that a similar explanation will soon be found of the fine 
structure of other lines. 

This is as far as we can go with any confidence. It seems 1o 
me that experimental evidence and abstract reasoning combined 
practically limit us to one view of the structure and mechanism 
of the simpler atoms, and this view is confirmed by a large amount 
of exact spectroscopic evidence. The structure is that of the so- 
called Rutherford atom; the simpler atoms (hydrogen and helium 
at least) consist of an extremely minute central nucleus with one 
or more negative electrons revolving round. The mechanism is 
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thttt of Bohr’s theory, and is based upon, and governed by, the 
quantum dynamics. 

yfei cannot, I think, claim to know anything with certainty as 
to the ultimate structure of the more complex atoms, especially 
those of radioactive substances, and our definite knowledge of 
atomic mechanism is practically limited to the few cases in which 
the atom contains only two constituents — the hydrogen atom, the 
positively charged helium atom, and possibly also the doubly- 
charged lithium 'atom. The " problem of three bodies ” has not 
yet been solved in quantum dynamics any more than in gravita- 
tional theory. This is scarcely surprising in view of the fact that 
the whole quantum theory is wholly a creation of the present 
;cntury. 

We cannot speak with any confidence as to the meehanism of 
complete molecules other than the monatomic helium molecule; 
for even the simplest complete molecule, the hydrogen molecule, 
consists of four constituent parts. If progress continues at its 
present rate, however, there is every reason for hoping that within 
a few years the whole scheme of quantum-mechanics will have been 
unravelled. The problems of valency, stereochemistry, the periodic 
law, the stability of chemical compounds, their optical and colour 
properties, and a host o£ other chemical problems, will then become 
the province of the mathematician. In spite of the rapidly pro- 
gressing fusion of all branches of science, the chemist and the 
mathematician have up to the present remained almost inde- 
pendent. It seems possible that in the near future the chemist will 
scarcely think of making progress except with the help of the 
mathematician. In spite of its history of extraordinary triumphs, 
chemistry is to-day as much an empirical science as electricity was 
lefore the time of Maxwell. If once chemistry becomes a mathe- 
natical science, it may progress at a rate at present undreamed of. 


LXXII , — Inter action of Mercuric and Cupric Chlorides 
Respectively and the Mercaptans and Potential 
Mercaptans. 

By Pbapulla Chandra Ray. 

SoxE four years ago, the author ventured to put forth the view 
that the compounds which mercuric, platinic, and cupric chlorides, 
respectively, yield with thiocarbamide and thioacetamide, etc., are 
ri the same nature as those obtained by the interaction of these 
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haloids and real mercaptans, that is, they are chloromercaptyes 
(P. 19H, 30 , 304), and it seemed desirable to undertake a 
systematic study of the behaviour of mercuric, cupric, and platbic 
chlorides towards some of the typical mono- and di-mercaptans, 
namely, ethyl and ethylene mercaptans (dithioethylene glycol) and 

2-thiol-5-thio-4-phenyl-4 ; 6 -dihydro-l ; 3 :4-thiodiazole 

Ethyl mercaptan yields under normal conditions cbloroplatmum 
mercaptide, (EtS) 2 PtCl, and under exceptional conditions plalinous 
mercaptide, (EtS),Pt. Dithioethylene glycol also yields a chloro- 

mercaptide of the formula C,H 4 <g>PtCl-S-C 2 H 4 -SH. In tie 


formation of this remarkable compound, two molecules of dithio- 
ethylene glycol simultaneously take part in the reaction ; one atom 
of chlorine of the platinic chloride remains, however, intact. 

The potassium salt of 2 -thiol- 5 -thio 4 -phenyl 4 : 5 -dihydro-l: 3 : 4 . 
thiodiazole has been found to be equally reactive towards platmic 
chloride and it readily yields mercaptides in which platinum funt- 
tions both as a triad and a dyad element, as m the case of the 

simple ethyl mercaptan. , -r, „ , 

The valency of platinum calls for a few remarks. The salts ol 
the type MX* are scarcely represented among the platinum com- 
poumU In the formula (EtS) 2 PtCl, no doubt platinum may k 
made to appear as quadrivalent by doubling it. Platinum has its 
proper place in the eighth or transitional group in the periodic 
system, which also includes iron and mdmm. Now, the (ilonte 
of these metals are represented by the simple formula MClj, aid 
not by MoCL. Moreover, platinum, with the high atomic weight 
of 194 will scarcely permit of the coalescence of two atoms into 
the complex ;Pt-Pti. Salta containing two atoms of platinum m 
the molecule have no doubt been described, but they are of a very 
complex character (Cossa, Per., 1890, 23 , 2503; Cleve, Bull Sou 

product o’f thi reaction of mercuric chloride with thiocarb- 

amide has been assigned the J 49 “ T 

and Meyer, Zeitsch. anorg. Chem., 1903, 34 , ^2, 19 . > 

In other words, it has been regarded as a mere additive or mok 
cular compound. Prom considerations based on analogy, 
author suggested that it should be formulated as 
[NHj-C(:NH)-S-HgCl]HCl, 

that is, that it is the product of the ^^ctlon 
on fthiocarbamide. The hydre^en chloride whiA f^^^ 
not liberated in the free state, but is simply fix 7 
complex. It is well known that fomam.dine 
a salt of a diacidic base, because of the presence of two am 
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Imino-groups. Convincing proof has recently been obtained in 
support of the above formula. The compound in queation has 
been found to be sufficiently soluble in water to admit of con- 
ductivity measurements. If it were an additive one, it would dis- 
sociate into its components on dissolution. Now, thiocarbamide is 
practically a non-electrolyte, and mercuric chloride is very feebly 
ionised in solution (compare Ray and Dhar, T., 1913, 103 , 8). 

The aqueous solution, however, shows an enonnous increase in 
the dissociation, which is of the same order as that of ammonium 
chloride, proving that the salt is the hydrochloride of a base. 

Thiocarbamide may be expected to behave in like manner 
towards platinic chloride and yield a compound of the same 
Ptcq 

type, thus: 2CS(NH2 )j — [(NH 2 -C(:NH)-S) 2 PtCyHCI. Both 
Eeynolds and Pratorious-Seidler (compare Rathke, Ber., 1884, 17 , 
307), however, regard the compound as an additive one of thio- 
carbamide with platinous chloride, and assign to it the formula 
(CSN 2 H 4 ) 2 PtCl 2 ,HCi or (CSN 2 H 4 ) 2 PtHCl 3 . That this view is 
erroneous is evident from another consideration. The platinic 
chloride on being reduced to the platinous state would set free 
chlorine, which would in turn act on a portion of the thiocarb- 
atiiide, aud formamidine disulphide .hydrochloride would be 
«imultaneously formed;* the derivative in question is, however, 
free from it. 

(lupric chloride is analogous in its behaviour towards thiocarb- 
CuCl^ 

amide, CS(NH 2)2 -> NH 2 *C(:NH)*S-CuCI. In this case, how- 
ever, the hydrogen chloride is liberated in the free state and can 
be detected in the filtrate. This is what might have been expected. 
The chlorides of mercury, platinum, and cobalt are capable of 
forming complex compounds with ammonia, amines, and amino- 
groups, which, on account, of their basic character, can fix a mole- 
cule of hydrogen chloride, whilst copper, being a more positive 
metal, does not possess this property. 

The view taken above offers also a ready interpretation of the 
reaction between platinic chloride and thioacetamide, first studied 
by Kurnakov (/. Suss. Phys. Chem. Soc., 1893, 25, 613), who 
formulates the compound as PtCl2,4C2H5NS,PtCl4, that is, as an 
additive one of four molecules of thioacetamide with one of 
platinous chloride and another of platinic chloride. This formula, 
■when halved, stands as PtClgjtlCgHjNSjHCl, and is in reality 
[(CH3*C(iNH)*S)2PtCl2]HCl, the platinic chloride functioning 

* It has been actu^y found that sulphuryl dichloride, which acts as 
a mild chlorinating agent, behaves exactly Bke todine towards thiocarbamide 
and yields the hydrochloride of the base. 
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exactly like mercuric cHoride. Thioacetamide here also simply 
undergoes tautomeric change. One strong argument in favour of 
the suggested constitution is afforded by the fact that if platmic 
chloride were actually to be reduced to the platinous form, the 
available atoms of chlorine would act on two other molecules of 
thioacetamide. It has already been shown that iodine completely 
decompoaes tliioacetamide, the whole of the sulphur being pre- 
cipitated (T., 1916, 109 , 698). The product in question when 
treated with carbon disulphide, however, did not yield any sulphur. 
The corresponding cupric chloride derivative has been found to 
conform to tbe formula CHs-C(iNH)"S'CuCl; it is, in fact, a 
chloromercaptide. • • , . 

The reaction between platinic chloride and thiosemicarbazide is 
of special interest. The compound obUined has the formula 
C H N CljSsPt. Here also a tautomeric change of the thiocom- 
pLnd 'evidently takes place under the influence of the haloid, 
resulting in the formation of a cyclic compound with the elimiua- 
tion of a molecule of ammonia, thus ; 

Y -1(Y 


PtCl HCl. 


The mercaptan now acts on platinic chloride in the usua manner 
the product being a chloromercaptide. Of the three molwules of 
hydrogen chloride generated, one is fixed by the complex suh- 
sLce because of its basic character, due to the presence of several 
imino-residues. 


E XPBEI KENT AIj. 

Mercaptans and Metallic HMoidg. 

Ethvl Mercaptan and Platinic OWoride .-Hofmann and Baba 
IZciUch. anarg. Chem., 1897, 14 , 294) state that if to chlor. 

platinic acid is added ethyl mercaptan in alcoholic solutio^a 
Lt an orange-yellow platinic mercaptrde, (EtS)iPt, » 
which, when heated to lOO® in a vacuum, readily yields plabn 
mercaptide. It has been found, however, that by the mt ato 
of platinic chloride and ethyl mercaptan, c or p 
mercaptide, (EtS) 2 PtCl, is almost invariably formed, and 
is only under exceptional conditions that platinous mer p ’ 
(EtS) 2 Pt, can he obtained. The method is therefore 
somewhat in detail. To a concentrated alcoholic solution of k 
platinic acid is added a very dilute alcoholic solution 
mercaptan from time to time with vigorous shaking, 
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few moments, only a deep orange coloration is noticed, but sliortly 
jfter an orange-yellow precipitate begins to appear. Care should 
f,e taken that the platinic chloride is always in suhicient excess. 
If the conditions of reaction are reversed, that is, if a dilute solu- 
tion of platinic chloride is added in small quantities at a time to 
an excess of a concentrated alcoholic solution of ethyl mercaptan 
with vigorous shaking, for a few minutes the solution remains clear, 
after which a yellow salt begins to separate, which is very nearly 
pure platinous mercaptide. 

ChliM'oplatinum mercaptide : 

I. 0 050 gave 0-0276 Pt, 0-022 AgCa, and 0 065 BaS 04 .* 

Pt=55-2; Cl = ll-33; 8 = 17-85. 

II. 0-0502 gave 0-0283 Pt and 0-0675 BaSO^. Pt=56-37; 

8=18-47, 

III. 0-0226 gave 0-0126 Pt. Pt=55-75. 

IV. 0-0191 gave O'OOSI AgCI and 0-0242 BaSO^. Cl = 10-51; 

8=17-44. 

CjHioCISjPt requires Pt = 55-02; Cl = 10'09; 8 = 1819 per cent. 


Fla lino Its mercaptide; 


0- 1317 gave 0-0814 Pt, 0-012 AgCl, and 0-1985 BaSOj. 

Pt=61-81; Cl=2-25; 8=20-71. 

CjHjoSjPt requires Pt=61-43; 8 = 20-24 per cent. 
Contamination with distinct traces of the. previous compound, 
which is invariably formed, accounts for the presence oi chlorine. 

1- TUcil-5-thio-i-phenyl-i ; 5-dihydro-l : 3 : i-thiodiazole. 


ljlPh-» 
C8— 8 


>C-SH. 


and Flatinic Chloride.~~TQ a concentrated aqueous solution of the 
potassium salt was added, with stirring, a dilute solution of chloro- 
platinio acid in a thin stream. A yellow precipitate was obtained 
which, on drying, became orange. Here also, as in the case of 
sthyl mercaptan, the platinum atom functions as tervalent and 
bivalent ; 

' 0-080 gave 0-0213 Pt and 0-1805 BaSO,. Pt=26-63; 8 = 31-00. 

A second preparation gave Pt=25-32. 

(C,H 5 N 2 S 8 ) 3 Pt requires Pt=22-33; 8=33-14. 
(CjH 5 N 2 S 3 ) 2 Pt requires Pt=30-12; 8=29-18. 

Mean; 26-23; S=3M6 per cent. 

It will thus be seen that here also a compound containing quadri- 


The estimation throughout was effected by fusion with sodium nitrate 
Boclivim carbonate. 


K K 2 
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valent platinum is never formed, but a mixture of almost equji 
proportions of the compounda containing tervalept and bivaijjj 
platinum. 

In the above reactions, the fr^ hydrogen chloride of chloro. 
platinic acid, acting on a portion of the potassium mercaptide 
liberates the correepcmding mercaptan, which is insoluble in wahr 
and the available chlorine atoms of the quadrivalent * platinum 
chloride also acting on the potassium merciptide ^ve rise to tie 
disulphide, which is equally insoluble. The- dried precipitate vis 
therefore exhausted first with alcohol and afterwards with benrene 
in order to extract impurities. The colour of the cojnpmjj 
changed from yellow to orange under this treatment. 


Dimercaptam and Metallic Haloid^. 

DitKioethyUne Glyed and Platinic Chloride. — A dilute alcoholic 
solution of platinic chloride was gradually added, with vigoroiis 
stirring, to a concentrated alcoholic solution of dithioethylenc 
glycol. A yellowish-brown precipitate was obtained, -which vas 
washed with alcohol and dried in a vacuum. It conforms to the 

formula C 2 H 4 <g>PtCl-S-C 2 H,-SH: 

0-0788 gave 0-0373 Ft, 0-032 AgCl, and O’lGOS BaSO,, 
Pt=47-34; 01=10-05; S=28 03. 

CjHjClSjPt requires Pt=46-96; 01 = 8-58; 8 = 30-93 per cent. 
There is reason to conclude that a simpler mercaptide of the 
formula 02H4<|>PtClj (Pt=54-39; 01 = 19-88; 8=17-91) is 

simultaneously formed in small quantities; the higher results loi 
platinum and chlorine and the lower result for sulphur are thus 
accounted for. Attempts to obtain the chloromercapfide in a 
purer form proved unsuccessful. 


Potential Mercaptans and Metallic Haloids, 

Thiocorlamide and Mereurie Chloride. — The componenta inter- 
acted both in alcoholic and in aqueous solution; a copious white 
precipitate was obtained, wbicih was washed with alcohol and 
in a vacuum. THe filtrate ■was neutral. (Found: 

H = l-63; N = 8-14; 01 = 20-45; S = 10'03; Hg = 66-«'- 

CHiNjOlaSHg requires 0 = 3-46; H=l-18; N=8-07; Cl=20-«i 
8 = 9-22; Hg = 57-64 per cent.) 
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Conductivity Measurement. 

V, T 

. 266 ■ 21-5 98%6 

There were evidently two ions in solution, and the dissociation 
is of the order of that of ammonium chloride. 

Thiocarbamide and *Platime Cbloride. — All acetone solution of 
thiocarbamide was cautiously added, with constant stirring, to 
platinic chloride solution. An orange-yellow precipitate was 
obtained, which was washed with alcohol and dried in a vacuum ; 

r. 0'0838 gave 0-03G5 Pt, 0-0910 BaSO.,, and O'OSOt AgCl. 

Pt=43-66; S=: 14-91 ; Cl = 23-74.- 
0 0582 gave 6-6 c.c. N, at 33“ and 760 nun. N-12’39. 

II. 00496 gave 0'0540 BaSOi and 00482 AgCl. S = 14'95; 

Cl = 24-03. 

CoHjN^CIjSjPl requires Pt=43-01; 8 = 14-17; Cl = 23-57; 

N = 12-40 per cent. 

Thiocarbamide and Cupric Chloride. — To an alcoholic solution 
of cupric chloride was added, with constant stirring, an alcoholic 
solution of the carbamide. The granular precipitate when dried 
in a vacuum was white with a faintly blue tint ; 

0 0608 gave 0-0275 CuO. Cu =36-09. 

0 0443 „ 6-2 c.c. No at 31“ and 760 mm. N = 15'41. 

0-0588 „ 0-0483 AgCl and 0-0780 BaSO^. 01 = 20-31; 

8=18-22. 

CHjNaClSCu requires Cu = 36-38; N = 16-12; 01 = 20-44 ; 8 = 18-43 
per cent. 

Thwaceiamide a/nd Platinic Chloride. — Thioacetamide in 
alcoholic solution was added, with stirring, to platinic chloride 
solution, and the brownish-yellow precipitate was treated as before: 

I. 0-0852 gave 0-0360 Pt; 0-0782 AgCl. Pt=42-26; 

Cl = 22-79. 

II. 0-0334 gave 0-0144 Pt. Pt = 43-ll. 

0-0813 „ 5-2 c.c. No at 32° and 760 mm. N = 7-01. 

III. 0-1457 gave 0-0630 Pt, 0-1697 BaSO^, and 01313 AgCl. 

Pt=43-83; 8 = 1.5-99; Cl = 22-29. 

CjHjNjCljSjPt requires Pt=43-20; 8 = 14-23; Cl = 23-68; 

N — 6'23 per cent. 

1 hioacetamidc and Cupric Chloride . — The method of preparation 
'''as exactly the same as in t^he preceding case, the salt being almost 

The alcoholic filtrate, when distilled off, was found to 
’ontaiu free hydrogen chloride : 
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I 0-0555 gave 0-0250 CuO. Cn=35-95. 

0-0595 „ 4-6 C.C. Nj at -29-6° and 760 mm. N=8-57. 
II. 0-2818 „ 0-1261 CuO, 0-42 BaSO,, and 0-2250 AgCl. 
Cu = 35-78; 8=2044; 01=19-75. 

C 2 H 4 NCISCU requires Ctt=36-59; 8=18-53; 01=20-55; N= 8 ll 
per cent. 


Thiosemicarbaiide and Platinic Chloride. A dilute solution of 
platinio chloride -was added to a concentrated aqueous solution* ' 
of thiosemicarbazide. In the course of half an hour, a grannUt 
precipitate began to be deposited, and the solution was allowed to 
remain overnight. The granules, when collected and dned, were 

yellowish-white ; 

0-2864 gave O'llTl Pt, 0-1719 AgCl, and 0-387 BaSO,, 
Pt=40-89; 01 = 14-85; 8 = 18-56. 

0-0381 gave 6-2 c.c. Nj at 30° and 760 mm. N = 17-97. 
C 3 H 4 NeCl.jS 3 Pt requires Pt=40-04; 01=14-63; 8-19-78; 

N = 17-31 ner cent. 


Summary and Conclusion. 

I'll Whilst mercuric chloride reacts with a mercaptan to yield 
a chloromercaptide, thus, E-SH-iHgClj=R-S-HgCl + HCl, cupric 
and platinic chlorides generally give mercaptides or mercaptides 
with only a slight admixture of chloromercaptides. 

(2) Platinum in relation to monomercaptanic radicles functioni 
either as tervalent or bivalent. 

(3) The above chlorides bring about tautomeno changes m tmo- 
carbamide and thioacetamide. Thiosemicarbazide with platinit 
chloride also undergoes similar transformation and yields a cyclic 

NH-C- 8 H 


degradation product, 

v ■ 

(4) The chloromercaptides of the potential mercaptans, inasmucl 
as they contain one or more imino-groups, are capable of fixing » 
molecule of hydrogen chloride, and in fact are hydrochlondes of 


complex bases. 


Chemical Laboeatory, 

College of Science, 

XJnivebsity of Calcutta. 


[Received, June 21s/, 19'8.] 
- Thioeemioarbazide is almost insoluble in cold alcohol, ether, or acetone. 
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-Phe Council has ordered the following letter and report to be 
printed in the Journal of the Society : 

Whinfield, 

Salcombe, 

S. Devon. 

Jxint 2Zrd, 1919. 


Gentlemen, 


I have the honour to submit a Report from the International 
Committee on Atomic Weights relative to such accounts of experi- 
mental work on atomic weights as have been published since their 
last regular Report of 1916, together with a table which it is sug- 
gested should be adopted in place of that now in use. 

It will be seen that the Report deals with the atomic weights of 
hydrogen, carbon, bromine, boron, fluorine, lead, gallium, 
zirconium, tin, tellurium, yttrium, samarium, dysprosium, erbium, 
thorium, uranium, helium, and argon. 

In the accompanying table for 1920, changes from the values 
hitherto adopted are recommended for argon, boron, gallium, 
thorium, and yttrium, and the atomic weight of nitrogen should 
be changed from 14-01 to the more precise value 14-008, which is 
probably accurate to within 1 in the third decimal place. 

I am. Gentlemen, 

Your obedient Servant, 

T. E. Thorpe. 

The lion. Secretaries, 

The Chemical Society, 

London, 


Seport of the International Committee on Atomic Weights for 

1919-1920. 

The last regular report of this committee, apart from an annual 
recomraeudation to continue the use of the table of atomic 
weights then presented, was published in 1916. The interruption 
m the series of reports was, of course, due to the world war, which 
rreated cdfilciilties of a serious kind among all international organ- 
isations. Co-operation with Germany became impossible, partly 
ecause of the difficulties of correspondence and partly because of 
^ e personal hostilities created by the conduct of the war. There 
a so an inevitable slackening of scientific activities, and this 
we 1 shown by the unusually small number of new researches 
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in the field of atomic weights. Now that peace is in sight, it seeuj^ 
wise to resume the preparation of these reports, even though they 
may not be for some time yet quite so truly international as hereto- 
fore. The determinations published since the preparation of our 
last report may now be summarised, as follows: 

Hydrogen. — A very thorough investigation by Burt and Edgar* 
(Phil. Tran^.y 1916, [A], 216 , 393) on the volumetric composition 
of water has given the volume ratios of H to 0 as 2‘00288 : 1. 
this value, taking the normal litre weights of oxygen and hydrogen 
as 1’42900 and 0*089873 gram respectively, the atomic weight of 
hydrogen becomes 1*00772, or, rounded off, 1-0077. Guye 
Chim. Phys., 1917, 15 , 208), from a discussion of Burt and Edgar’s 
data, accepts this value, as lying between the two extremes of 
r00767 and r00773. If, however, instead of trusting to the densi- 
ties of the gases and their physical constants exclusively we take 
into account the admirable researches of Morley, Noyes, and others 
upon the synthesis and analysis of water, f the most probable 
general mean for the atomic weight of hydrogen becomes l-00i8, 
which differs from the volumetric value by only 1/10,000, That 
is, the two distinct lines of attack upon the problem agree within 
the limits of actual uncertainty. For ordinary purposes, the 
approximate value 1-008 is close enough. It must be remembered 
that the tables prepared by this committee are for the use, not sa 
much of specialists, as of working chemists in general, and too 
much refinement will only lead to confusion. No determinations 
of these or any other constants can be absolute and final. All are 
subject to errors which may be reduced nearly, but not quite, to 
insignificance, but never eliminated entirely. For example, in thf 
determination of atomic weights from gaseous densities, it is not 
possible to guarantee the ahsolnie purity of the gases or to avoid 
errors in weighing, in reductions to a vacuum, or in the vahes 
given to the physical constants that are used in the final computa- 
tions. Some of these errors may be so small as to be negligible, 
and in the aggregate they may tend either to reinforce or to com- 
pensate one another, but tbeir extreme magnitude can be estimated 
with some approach to accuracy and expressed by means of the 
usual ± sign. At present, an accuracy to within 1/10,000 is the 
best we can expect to obtain. t 

* This research was noted in tbe previous report for 1917. Its review by 
Guye readers its repetition desirable here. 

t Computation by F. W. C. 

X For an elaborate discussion of sources of error in atomic weight deter- 
minations, see Guye and his colleagues (MM. Germaun, Moles, and Renar i 
in J. Chim. Phys„ 1916. 14, 26, 195, 2(H; 1917, 15, 60, 360, 405; 1918, lb- 

46 . 
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Oarioii^Two investigations on the atomic weight of carbon 
were reported from the Geneva laboratory in 1918 ^ Fir.f \ 

loss (/. 1918 16, 175) dlrmmed ' th! denl^" 

acetylene ethane, and ethylene. Acety^e proved to be unsatis- 
faotory because of its tendency to polymerise. From ethane he 
obtained the value C = 12-006, and from ethylene C = 12-004 On 
account of some uncertainties in the reductions, he prefers' pro 
visionally, the value C — 12‘00. ^ > P o 

Se»ndly, Baturas (7. y-Aya., 1918, 16, 322) determined 

the density of ef and reduced his observations by three 
methods, giving 0 = 12-005, 11.999, and 11-996. The last two 
being .mncordant, he regards as preferable, and their mean,’ 
C-11 998, he adopte. It will be remembered that Richards and 
Hoover, by purely chemical methods, found 0 = 12-005, and a later 
combination of all determinations published before 1918 gave the 
chairman of the committee the mean value C= 12-0025 For 
ordinary purposes, the rounded-off value C = 12 00 mav be used 
and IS so given in the table. ’ 

^nmme.-Tbree sets of determinations of the molecular weight 
of hydrobromic acid have been made in Guye’s laboratory at Geneva 
liv Moles (J. Ckim. Phys., 1916, 14, 389. See review by Guye in 
the same number, p. 361), Reiman (/. Ckim. Fkys., 1917 15 293V 
and Murray (ACT, Pkys., 1917, 16, 334. Reiman and Murray 
assume H = l-008; Moles prefers 1-0076). Tl,e acid used was pre- 
pared by several distinct methods, and all gave concordant results, 
wnicJi may be summarised as follows, when H,= ]'0078: 


Mol. wt. HBr. 

Moles 80-9332 

Reiman 80*932 

Murray 80930 


At. wt. Br. 
79*9254 
79*9242 
79*9222 


aese values are wonderfully concordant, and the variations are 
tar within the allowable limits of experimental error. In a recent 
lombmation, by the chairman of this committee, of all the avail- 
> e date relative to the atomic weight of bromine, the value found 
vas Br- 79-9228, in complete harmony with the Geneva deter- 
'imations. For ortUuary purposes, the rounded-off figure 79-92 is 
'Hough. 

Bnron and Fhwrine.—ln a very original investigation. Smith and 
ail Haageii {('anityie Inst. Washington,, Publ. No 267, 1918) have 
'tiiulteneously redetermined the atomic weights of boron and 
umine. Their starting point was anhydrous borax, Na^B^O,, and 
eii chief difficulty was in insuring the complete dehydration of 
compound. The salt was then converted, in a series of 

K K* 
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successive experiments, into sodium sulphate, carbonate, nitrate, 
chloride, and fluoride, which gave eight independent values for 
boron ranging from B = 10-896 to 10-905; in mean, 10-900, Uis 
value -was computed with Na = 22-997, Cl=35-457, 8 = 32-064, 
N = 14-010, and C = 12-005. The authors finally discuss all previous 
determinations, and show wherein they were afiected by errors. 
The new value, 10-900, should be adopted as the most probable. 
In this research, sodium fluoride was compared, not only with 
borax, but also with the sulphate, and the eight values found 
ranged from F = 19-002 to 19-008; in mean, 19-005. The rounded- 
off value, F = 19, may be reteined for all practical purposes. 

CEchsner de Coninck and Gerard {Com-pt. rend., 1916, 
163, 514) have attempted to determine the atomic weight of lead 
by calcination of the nitrate, and find Pb = 206-98, when N2O5=108, 
This determination is evidently of no present value. With this 
exception, the other recent researches relative to this constant have 
referred to isotopic lead, and the normal element is considered onlj 
in comparison with it. Richards and Wadsworth {J . Amtr. dhm. 
Soc., 1916, 38 , 2613), for instance, find for normal lead 
Pb = 207-183, and Richards and Hall (J. Amer. Chem. Soc., 191T, 
39 , 537) give Pb =207-187, values slightly lower than the accepted 
207-20 as determined by Baxter and Grover. Similar detennina- 
tions by A. L. Davis (J. Physical Chem., 1918, 22, 631) gave dis- 
cordant results. As for isotopic lead, its atomic weight is so 
variable as to show that it is nearly, if not always, a mixture ot 
, isotopes, and not a constant which can as yet be placed m the 
table. The values found have very great significance, but they 


are far from final.* 

Gallium ,.— the analysis of carefully purified gajhum chloride, 
Richards, Craig, and Sameshima {Proc. Hat. Acad. Sci., 1918, 4, 
387) find Ga = 70-09 and 70-11. These determinations, however, 
are only preliminary, but they justify the provisional adoption of 
the value 70-10. The original values given by the determinations 
of Lecoq de Boisbaudran vary from 69-70 to 70-12, the last one 


being very near the new value. . 

Zirconinm.-^-Fvom the ratios between 

silver, Venable and Bell (J. Amer. Chem. Soc., 1917, 39, 1598) fin 
2r=91-76. Although this determination is regarded as pr^ 
liminary, .the authors, by pointing out sources of error m > 
previous values, believe the new one to be the most pro a 

* For discussions regarding the atomic -weight of isotopic lea , 
Presidential address of Eichards before the Amencan Assoeiatio^^^ 
Advancement of Science in December, 1918. Also F. W. Cla , 


Acad. Sci., 1918, 4* 181. 
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seems best, however, to await the complete investigation before 
changing the value heretofore accepted. 

Tin.-Baxter and Starkweather {Proc. Nat. Amd Sci 1916 2 
718), by electrolyses of stannic chloride, find Sn = 118’703 when 
Cl = 35’457. This is in complete agreement with Briscoe’s deter- 
mination, Sn = 118-698, The value 118-70 has already been adopted 
by the committee. ^ 

Staehler and Tesch (Zeitseh. anorg. Chem., 1916 
98 , 1), from careful syntheses of tellurium dioxide, find Te = 127-51 ’ 
which is confirmatory of the accepted value 127-5 
ritnton.— Hopkins and Balke (J. Amer. Chem. Soc 1916 38 
2332), by conversion of Yt^Oj into Yt^Clj, find Yt=^88-9. ’ The 
ordinary sulphate method is shown to be inaccurate. In a later 
investigation, Kremers and Hopkins (/. Amer. Chem.. Sac., 1919, 
41 , 718) determined the ratio between yttrium chloride and' silver' 
and found Yt=89-33. Since this method is the most trustworthy’ 
the value given by it should be adopted. The other sulphate 
determinations are questionable. 

damanVOT..— The atomic weight of samarium has been deter- 
nmed by Stewart and James (J. Amer. Chem. Soc., 1917, 39, 
1605) tarn the ratio between the chloride and silver. The value 
ound is 150-44, which is essentially tliat given in the table. No 
iange is needed. 

Dysp-odum.—E.ng\c and Balke (J. Amer. Chem. Soc., 1917, 39, 
li), by conversion of the oxide into the chloride, found 
)y-164 228. Later, by the same method, Kremers, Hopkins, and 
ingle (J. Amer. Chem. Soc., 1918, 40 , 598) found Dy = 163-83. 
his discordance, like that already shown for yttrium, led the last- 
amed chemists to determine the ratio between dysprosium chloride 
nd silver, which gave 162-52. The earlier method is discredited, 
nd the last value, rounded to 162-5, seems to be the one best 
ntitled to acceptance. 

Srhium. For this element, by the oxide-chloride method, 
iichers, Hopkins, and Balke (/. Amer. Chem. Soc., 1918, 40 , 
615) obtained values ranging from Er= 168-00 to 168-84. The 
lethod of determination is thus again shown to be untrustworthy. 

liortum. In a long series of concordant analyses of thorium 
romide, Honigschmid {Zeitseh. Mektrochem., 1916, 22 , 18) finds 
-232 152 from the silver ratio and 232 150 from the silver 
Ilonde ratio when Br=79-91G. The value Th = 232-15 should be 
P t foi general use. He also studied thoria from urauium 
w ich contained ionium. For this mixture, he obtained au 
®ue weight slightly in excess of 231-50. This may be 
roximate to the unknown atomic weight of ionium. 

K K* 2 
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Uramum . — The latest series of determinations pf the atomic 
weight of uranium by Honigschmid and Horovitz {Uonatsh., 1916^ 
37, 185) was based, like their earlier series, upon analyses of the 
tetrabromide. Two sets of analyses were made, one upon a bromide 
which had been fused in bromine vapour, the other in nitrogen. 
The value obtained ranged from TJ=238 04 to 238T6, the latter 
being in harmony with their former determinations. The rounded 
figure, 238' 2, is given in the table. 

Helium . — Taylor (Physical Bev., 1917, 10 , 653), using the micro- 
balance in determining the density of helium, finds H6=4'0008. 
Guye (J. Ohim. Phys., 1918, 16 , 46), in a recalculation of the data, 
finds He=3 998. The value 4 should be retained. 

Argm . — From the density and compressibility of argon, Leduc 
(Compt. rend., 1918, 167 , 70) finds A = 39'91. He regards the 
second decimal as uncertain, and advises the adoption of the 
rounded value 39'9. 

In the following table of atomic weights proposed for 1920, few 
changes have been made from the values given in the last preceding 
table. The new values are; A=39‘9, B = 10'9, Ga = 70'l, 
Th = 232'16, and Yt=89'33. In addition to these, the atomic 
weight of nitrogen should be changed from 14'01 to the more 
precise value N = 14-008. The latter figure represents all the best 
determinations, and is probably correct to' within 1 in the third 
decimal place. For so small a value, the change is insignificant. 

{Kiijnrd) F. W. Clarke, 

T. E. Thorpe. 

G. XJhbatn. 
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1920. 


International Atomic WeighU. 



Symbol. 
A1 

Atomic , 
weight 
27*1 


Symbol. 
Mo 

Atomic 

weight, 

96-0 

Antiinonf 

8fc 

120-2 

iTeodymium 

N(1 

l<4-3 

A 

3d *9 


N« 

20*2 



74-96 


Xi 

58-68 > 

Barium 

Ba 

137-37 

1 Niton (radium emanation) Xt 

2-J2-4 

Bismuth 

Bi 

208-0 

Nitrogen 

N 

14-OOS 

B 

10-9 


0« 

190-9 

Bromine 

Br 

79-92 

Oxygen 

0 

16-00 


Cd 

112-40 


Pd 

106-7 


: Ca 

132*81 


P 

31-04 


Ca 

40 07 


Pt 

195-2 


c 

12*00 


K 

39*10 


Ce 

140-25 


Pr 

140-9 

Chlorine 

01 

35-46 

Radio m 

Ra 

226-0 


Or 

52*0 


Rh 

102-9 


Co 

68-97 

Rnbidium 

Rb 

85-45 

Colurabitun 

Cb 

93-1 

Ruthenium 

Ru 

101 -r 


Cu 

63*57 

Samarium 

Sa 

150-4 


Dy 

162*5 

Scandium 

So 

44-1 


V.v 

167*7 

152*0 



79-2 


. ... Eu 


Si 

28-8 

Fluorine 


19-0 

Silrer 

Ag 

107*88 


Qd 

167*3 

Sodium.- 

Na 

23-00 

Gallium 

Ga 

70*1 

Strontium 

Sr 

87-63 


Ge 

72-6 

Sulphur 

s 

82-06 

Olncinum 

01 

9-1 

Tantalum 

Ta 

181-5 



197-2 

ToUnrium 

Te 

127-5 

Helium 

Ho 

4-00 

Terbium 

Tb 

159-2 

Holminm 


163*5 

Thallmm 

TI 

204-0. 

Hydrogen 

H 

1-008 

Thorium 

Th 

232*15 



114-8 

Thulium 

Tm 

168-5 

Iodine 

I 

126-92 

Tin 

Sa 

118-7 


Tr 



Ti 

48*1 

iron 

Fe 

55-84 

Tungsten 

W 

184*0 



82-92 

139*0 


U 

238-2 

Lanthanum 

La 

Vanadium 

V 

61*0 

Lead 

Ph 

207-20 

Xenon 

Xe 

180*2 

Lithinm 

Li 

6-94 

Ytterbium (Keoytterbium) Yb 

173-5 

Lutecium 

Lu 

176-0 

Yttrium 

Yt 

89-33 



24-32 


Zn 

65-87 

Mangaucec 



Mq 

54*93 

Zirconium 

Zr 

90-6 

Mercury 

Hg 

200*6 
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LXXIII . — The Presence of Aconitic Acid in Sugar- 
cane Juice and a New Reaction for the Detection 
. of the Acid. 

By Chables SoMEES Taeloe. 

the non-saccliarine aubstances exiating in sugar-juica, 
Geerliga mentions certain acida which are undoubtedly present. 
He states, however, that the question of the presence of aconitic 
acid requires further investigation (“ Cane Sugar and the Process 
of its Manufacture,” 1909, p. 51). This acid -is generally sup- 
[losed to have been detected first in the juice of the sugar-cane by 
Behr (Ber., 1877, 10, 351). There is no doubt that Behr dis- 
covered large quantities of aconitic acid in muscovado sugar and 
molasses, from both of which he obtained the acid, the composi- 
tion of which he verified by combustion and also by the formation 
of a silver salt of known composition. He also appears to have 
examined the action of lime on invert-sugar in order to find 
whether the acid can have been formed in the process of manu- 
facture, and states that none of the acid was produced in any of 
his experiments. As the latter evidence was merely negative, 
however, he obtained from Cuba some augar-juice sterilised with 
phenol, which he examined in Germany. His deduction that 
aconitic acid was present in this sugar-cane juice was based on 
the fact that he obtained the lead and acid ammonium salts in 
their characteristic form. The real criteria of analysis and melt 
ing-point determinations were omitted, and he lost the cleanest 
portion of his acid by accident, whilst some of the partly clem 
substance obtained by him melted at 167°, or more than 20° below 
the true melting point of aconitic acid. His evidence, therefore, 
of the actual existence of this acid in quantity in the juice in its 
natural state appeared to require further corroboration before it 
could be said to be conclusive. 

The most interesting point to the sugar manufacturer as regards 
the existence of this acid is that it forms a calcium salt which dis- 
solves readily in cold water, but is almost entirely insoluble in 
hot. It is therefore liable to be precipitated on the tubes of the 
evaporating plant unless care is taken to keep the juice hot while 
filtering. 

Experimental. 

As it was thought possible that the acid might be a product of 
disease in the cane, two samples of juice were employed, one from 
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diseased and one from ordinary cane. Both samples were pre- 
cipitated with basic lead acetate. The precipitate was then 
washed, suspended in water, and decomposed in the usual manner 
with hydrogen sulphide. After Bltration, the water was 
evaporated in a vacuum, and the crystalline residue extracted 
with ether. The portion insoluble in ether was mostly mahc acid. 
The crude aconitic acid from the ethereal solution was purified by 
reprecipitating with lead acetate and decomposing the precipitate 
with hydrogen sulphide. Small quantities of aconitic acid were 
obtained from the juice of the ordinary canes, but the diseased 
canes gave a viscid substance by this treatment, from which it 
was found impossible to crystallise the acid. 

ExaminrUion oj the Acid . — The mean of two determinations of 
the equivalent weight of the acid gave the value 58-55. The 
quantities taken were very small, so that the method was subject 
to large error. 

The acid melted and decomposed at 191° (corr.), which is the 
melting point of aconitic acid. (Found: C=41-38; H = 3-95*; 
C=4r01; H = 3-65. requires 0=41-38; H = 3-45 per 

cent.) 

Qwxlitaiive E xperimenta : A New Colour Teat for Aconitic Acid 
and, indirectly, for Citric Acid. 

The usual qualitative tests were carried out with the acid in 
order to identify it as aconitic acid, although these tests had 
already been performed by Behr. The calcium salt was obtained . 
as a heavy, white precipitate on boiling a solution of the sodium 
salt with calcium chloride. It was interesting to note that unless 
the boiling was protracted, this precipitate dissolved immediately 
on cooling. After protracted boiling, however, the gelatinous pre- 
cipitate appeared to change into a crystalline form, which was 
insoluble even after cooling. 

A very delicate test for aconitic acid was discovered in examin- 
ing the action of acetic anhydride on it. On the addition of this 
reagent to a small quantity of the acid, a pink coloration appeared, 
which rapidly turned to deep red and then to magenta. Further 
heating produced a bluish-green liquid, finally turning to a brown, 
almost opaque, solution. The red liquid first obtained, if the 
action is checked by cooling, shows a spectrum entirely in the red, 
absorbing all other rays almost completely. In the intermediate 

* This abnormally high result, for hydrogen was probably due to the fact 
that the combustion -was made in India in the middle of the rains, on a day 
when the air was nearly saturated. 
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stage, when the magenta liquid was obtained, it appeared to consist 
of a solution of two coloured substances, namely, a red one which 
was soiuHe in water and a blue one which dissolved readily in ether. 
The two could be easily separated by shaking the acetic anhydride 
solution with water and ether, when the aqueous layer became red 
and the ethereal solution blue. 

Many attempts were made to isolate these red and blue com- 
pounds, but they appear to be exceedingly unstable, being rapidly 
destroyed by water, acids, or alkalis. 

The substance obtained in this way is intensely highly coloured. 
The intensity of the colour is so great, in fact, that the faintest 
trace of aconitic acid will produce a strong colour. The minimum 
quantity necessary to obtain the colour was determined as follows, 

One gram of aconitic acid was dissolved in a litre of water, and 
various fractions of a milligram were obtained by appropriate 
dilutions and evaporation to dryness in porcelain basins. To the 
residue a few drops of acetic anhydride were added, and the whole 
was heated on a water-bath. The results are tabulated below t 

Aconitic acid. 

Milligram. Colour obtained. 

1*0 Intense, appesrii^ almost immediately. 

0*1 Strong tinge rather slower in appearance. 

0'02 Faint colour taking some time to appear. 

O'Ol Faint colour just perceptible after some time. 

That this reaction was due to aconitic acid alone, and not to 
the other acids present in sugar-cane juice, was proved positively 
by examining pure aconitic acid from another source, which gave 
the same results as that obtained from sugar-cane juice. It was 
also proved negatively by showing that none of the other acids 
present in sugar-cane gives the reaction. Citric acid, however, may 
be detected by the action of acetic anhydride after gentle fusing 
in a test-tube. By this means, traces of aconitic acid are obtained 
which at once give the colour reaction. Citric acid itself does not. 
give the reaction. 

By this colour test, it was also proved that aconitic acid exists 
as a salt in sugar-cane juice, and not in the free state. This was 
done by shaking with ether sugar-cane juice; in the ordinary state 
and after treatment with dilute sulphuric acid. The ethereal 
extract in both cases was evaporated to dryness, and the residue 
heated on a water -bath with acetic anhydride. The extract from 
the untreated juice gave no reaction whatever, whilst that from 
the juice which had been treated with sulphuric acid gave the 
intense red characteristic of aconitic acid. 
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The Nature ,of the Colour Reaction between Acetic Anhydride 
and Aeonitic A^. 

That the colour reaction tak^ place by condensation of the 
carboxyl groups of the acid is alm<»t certainly proved by the fact 
that ethyl aconitate, when treated with acetic anhydride, gives no 
colour whatever. 

Treatment of itaconic, ciiraconic, and mesaconic acids also gave 
no colour. It was therefore inferred that very little decomposition 
of the molecule takes place during the reaction, bub that the change 
was probably one of rearrangement of the carbon atoms with, 
possibly, some removal of water, addition of acetic anhydride, or 
both actions together. 

As has been already mentioned, the actual coloured substance 
is extremely unstable. Evaporation of the acetic anhydride solu- 
tion in a vacuum over sodium hydroxide, and subsequent washing 
with ether, gives a brown substance, which appears to be micro- 
crystalline. No definite crystals were obtained. Analysis of this 
brown substance gave the following figures : 

Found: C = 51*63; H=2*93. 

C(jH 404 requires 0=51*43; H=2*86 per cent. 

The substance does not appear to resemble any of the known 
compounds of this formula. Its deep yellowish-brown colour 
resembles that of 2 : 5*dihydroxybenzoquinone, but it appears to 
be more unstable than that substance. All that can be said for 
the present, therefore, is that the brown substance has many 
properties which would point to its having a quinonoid structure, 
but that this is not proved. 

Laboratosy op the Agricultuiial Chemist 

TO THE GoVESNMEKT OF BiHAB AND OwSSA. 

[Received, January 1919.] 


LX XIV . — Studies in the Camphane Series. Part 
XXXVII. Aryl Derivatives of Imino- and 
Amino-camphor, 

By Martin Onslow Forster and Hans Spinner. 

The highest recorded molecular rotation is that of ^phenylenebis- 
iminocamphor, which has [M]p 6173° in a pyridine solution contain- 
ing 0'624 gram in 100 c.c. (Forster and Thornley, T., 1909, 95, 942), 
lu ibis compound there appears to bo presented, within a relatively 
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narrow molecular compass, the optimum association of azethenoid 
groups, conjugated linkings, and a benzene ring, 



0 




required for exaltation of the optical activity due originally to the 
camphor nucleus. 

With a view to extending this field of inquiry we prepared a selec- 
tion of similar compounds, but since none of these, with one excep 
tion, approached the foregoing substance in optical activity, they 
have been described only in a dissertation (Hans Spinner, Zurich, 
1912). Several of them having now been prepared by Singh and 
Mazumder (this vol., 566), who did not have access to the publica- 
tion in question, we desire to record the properties of the remainder. 

The only derivative of this class having optical activity nearly so 
high as that displayed by j»-phenylenebisiminocamphor is pp-di- 
phenylenebisiminooamphor, 




prepared from benzidine and camphorquinone. It occurs in two 
forms, (1) yeIIowish«green, melting at 276® and having [M]i> 5565°, 
and (2) golden-brown, melting at 274® with [M]jj 6360®. In this 
compound the same exaltation factors are noticeable, but they 
operate in a slightly less confined molecular environment, which may 
account for the somewhat diminished optical activity. 

It has not been possible permanently to convert either of these 
compounds into the corresponding derivative of aiuinocamphor, but 
the substituted iminocamphors of more simple structure are easily so 
converted; there is then observed the same profound depression in 
optical activity already noticed in similar examples (F. and T., 
loc. cit.), as indicated by the following measurements in chloroform 
at 20®; 


«-Nftphthyliminocamphor 

o-Nsphthylarainocamphor 

(S-Naphthylimmocamphor 

j3-Nftphthylaminocamphor 

o-Cblorophenyliminocamphor .. 
o-Cblorophenylaminocmnphor 
m-Chlorophenyliminocamphor .. 
m-Chlorophenylaminocamphor .. 
m-Carboxyphenyliminocamphor 
m'Carboxyphenylaminocaznphor 
p-CarboxyphenyliminocampDor. . 
p-Carboxyphenylaminocamphor 


Hn. 

[M]n. 

Difference 
of [M],. 

628® 

1828® 

— 

115 

338 

1490® 

720 

2096 

— 

140 

411 

1686 

153 

423 

— 

94 

262 

101 

499 

1374 

— 

118 

328 

1046 

470 

1341 

— 

127 

364 

975 

423 

1205 

— 

121 

347 

S5S 



STUDIES IN’ THE CAMPHANB SERIES. PART XXXVII. 891 


The one exception is o-chlorophenyliminocamphor, because it has 
by far the lowest optical activity yet recorded in this series, namely, 
whilst none of the other members, even the m- or 
jKhloro-derivative, has [M]d less than 1000 °; it is probable that this 
abnormality is due to partial saturation of the azethenoid or 
carbonyl group by supplemental valency of the chlorine atom in an 
ortho-position. 

Although arylamines generally undergo condensation with cam- 
phorquinone very readily, some exceptions, in addition to that of 
p-nitroaniline, have been observed; these are o-aminobenzoic acid, 
o-aminophenol, 2 : 4-diaminophenol, 2 :4 :6-triaminophenol, pier- 
amide, picramic acid, 4-nitro-a-naphthylamine, and 6-nitro-a- 
naphthylamine, from none of which has the corresponding derivative 
of irainocamphor been obtained. 


Experimental. 

a- ^-Naphthylaminocamphor, 

a-Naphthyliminocamphor, with [«]u 628’2° in chloroform, also 
prepared by Singh and Mazumder (this vcl., 573), was shaken in 
ethereal solution with 10 per cent, potassium hydroxide and zinc 
dust until the colour had disappeared, when the ether deposited a 
white residue of a-naphthylaminocamphor on evaporation. Recrys- 
tallisation from hot alcohol gave transparent, four-sided prisms 
melting at 165°: 

0'1760 gave 0-5276 COg and 0*1251 H^O. C = 81-76; H=7-90. 

C 20 H 23 ON requires C = 8r91; H = 7-85 per cent. 

The product is readily soluble in benzene, chloroform, ethyl ace- 
tate, or boiling acetone, moderately so in cold acetone or alcohol ; it 
is insoluble in cold light petroleum, which dissolves it sparingly when 
boiled. A solution containing 0’1215 gram in 25 c.c. of chloroform 
gave ttp 1°41' in the 3-dcm. tube, whence [a]p 115-5°. 

jS-Naphthyliminocamphor, with [o]p 720‘5° (compare S. and M., 
this vol., 573), was treated in the same way, and the resulting 
jS naphthylaminocamphor crystallised from alcohol in colourless, 
flattened, four-sided plates melting at 157 — 158° : 

0-2305 gave 0-6896 CO. aud 0-1631 H.O. C==81-59; H = 7-86. 

The base is insoluble in cold light petroleum, but. dissolves readily 
in other organic media. A solution containing 0-1255 gram in 
25 c.c. of chloroform gave Cjj 2°7^ in the 3-dcm. tube, whence 
[a]j, 140-5°. 
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0 - and m-ChhrofhmylaminocamphoT, 




o-Chlorophenyliminocamphor, with [o]d 153'4° (compare 8. and 
M., this vol., 572), gave o-chlorophenylaminocamphor melting at 
148® after crystallisation from hot alcohol, which deposits it in 
colourless, transparent prisms : 

0-2174 gave 0-5508 COj and 01431 HjO. 0=6910; H = 7-31. 

0-1982 „ 0-1013 AgCl. 01 = 12-64. 

OjjHjqONOI requires 0=6916; H=7-26; 01 = 12-77 per cent. 

It is readily soluble in organic media other than alcohol and 
petroleum, which dissolve it less freely. A solution containing 0-1236 
gram in 25 c.c. of chloroform gave 1®24' in the 3-dcra. tube, 
whence [ajj, 94-4°. 

»i-Cldarophenyliminocamphor, with (ojj, 498-8° (S. and M,, foe. 
cit.), gave m-chlorophenylaminocamphor melting at 98—99° after 
crystallisation from diluted alcohol, whence it separates in colourless 
aggregates of indefinite structure: 

0-1726 gave 0-4368 CO, and 0-1129 H,0. 0 = 69 02; H = 7-27. 

0-2158 „ 0-1106 AgCl. 01 = 12-68. 

It is more readily soluble than the isomeride. A solution contain- 
ing 0-1234 gram in 25 c.c. of chloroform gave 1°45' in the 3-dcm. 
tube, whence [a]pll8'2°. 


m- and f-Carboxyphenylminocamphor, CgHj, 


4 


:n-c,h,-cOjH 

0 


Camphorquinone and m-aminobenzoio acid in molecular propor- 
tion were heated in alcohol during three hours, when the product, 
after recrystallisation from diluted alcohol, formed pale yellow 
leaflets melting at 195-5°: 

0-3273 gave 15 4 c.c. Ng at 29° and 763 mm. N = 5-21. 

CijHijOgN requires N=4-91 percent. 

It is readily soluble in alcohol, acetone, chloroform, ethyl acetate, 
or boiling benzene, but is insoluble in light petroleum. A solution 
containing 0-1218 gram in 25 c.c. gave Oj,4°35' in the 2-dcm. tube, 
whence [a]j, 470-4°. 

The isomeride prepared from camphorquinone and p-aminobcnzoic 
acid separated from diluted alcohol in small, brownish-yellow prisms 
melting at 237° and resembling the m-compound in solubility : 

0-4210 gave 19-0 c.c. N, at 21° and 758 mm. N =5-15. 

A solutiwi containing 0-1217 gram in 25 c.c. of chloroform gave 
Op4°7' in the 2-dcm. tube, whence [a]p 422-8°, 
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]u- atid Tp-Carboxyphsnylamtnoccanpkor^ 


9H-NH-C.H,-C0,H 


The foregoing substances dissolve in aqueous alkali hydroxide, 
and when the solutions are shaken with zinc dust, filtered, and acidi- 
fied, the corresponding derivative of aminocamphor is liberated. 
The m-compound separates from diluted alcohol in colourless needles 
melting at 210—211“! 

01630 gave 0-4237 CO^ and 0-1075 HjO. C=70-89; H=7-33, 
CjjHjiOjN requires 0=7108; H = 7-32 per cent. 

It dissolves readily in acetone, chloroform, or ethyl acetate, less 
readily in alcohol, being only moderately soluble in benzene and 
insoluble in petroleum. A solution containing 0-1235 gram in 
35 c.c. of chloiwform gave 1“53' in the 3-dcm. tube, whence 
Wn 127-1“ 

The compound crystallises from diluted alcohol in colourless 
aggregates melting at 239“ after slight shrinking and discoloration ; 

0-1961 gave 0-5081 CO.^ and 0-1287 H3O. C=71-03; H = 7-33. 

In solubility it resembles the isomeride. A solution containing 
0 1207 gram in 25 c.c. of chloroform gave Bj, 1“45' in the 3-dcin. 
tube, whence [a]j, 120-8°. 


f-Acetylaminophmytiminocamphor, 

Camphorquinone and j^aminoacetanilide in molecular proportion 
dissolved in alcohol were heated under reflux during four hours, the 
product crystallising on dilution in yellow, six-sided plates melting 
at 311—212“: 

0-2166 gave 17-8 c.c. Nj at 21° and 771 mm. N=9-53. 

CigH^OgNg requires N = 9-40 per cent. 

It is readily soluble in alcohol, acetone, chloroform, or ethyl ace- 
tate, dissolving with difficulty in cold benzene or hot petroleum; it is 
insoluble in the last-named when cold. A solution containing 0-1220 
gram in 25 c.c. of chloroform gave Oj,8°25' in the 2-dcm. tube, 
whence [o]i, 862-4“ and [M]p 2570°. 


fp-Diphenylenebisimmocamphor, 


CaiBphorquinone (6'6 grains) and benzidine (3'6 grams) dissolved 
in alcohol (80 c.c.) were heated under reflux during six hours, when 
the liquid deposited two distinguishable forms of crystals on cooling; 
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these were separated mechanically and also by fractional crystallisa- 
tion, when the less soluble component, formed in preponderating 
amount, consisted of longitudinal dusters of minute, yellowish-green 
prisms melting at 276°: 

0-2599 gave 0-7606 CO, and 0-1785 H.,0. C=79-81 ; H=7-63. 

0-2680 „ 13-4 C.C. Nj at 22° and 765 mm. N=5-73. 

CsjHsjOjNj requires C=80"00; H=7-50; N = 5-83 per-oent. 

A solution containing 0-1231 gram in 25 c.c. of chloroform gave 
Op 11°26' in the 2-dcm. tube, whence [a]p 1159-3°. ' 

The more readily soluble modification crystallised in transparent, 
golden-brown needles melting at 274°; 

0-1861 gave 0-5458 CO, and 0-1288 HjO. 0 = 79 98; H = 7-69. 

A solution containing 0-1220 gram in 25 c.c. of chloroform gave 
apl0°54' in the 2-dcm. tube, whence [a]p 1116-8°. Both forms 
yielded benzidine and oamphorquincne on hydrolysis with akohoHo 
hydrochloric acid. 


In addition to the foregoing substances we prepared o- and p-tolyl- 
iminocamphor and p-benzeneazophenyliminocamphor, which are 
described by Singh and Mazumder, and in the case of the last-named 
compound a discrepancy is noticeable. These authors obtained 
orange needles melting at 129 — 130° and giving [a]p 550-4° in 
chloroform, whilst our product crystallised in silky, red needles melt> 
ing at 135° and giving [o]|, 677'0°, whence [M]p 2335°. 
f-Benzmeazophenylamitwcamphor, 

ch-nh-c,h,-n:n-c,h, 


was obtained by shaking an ethereal solution of the iminocamphor 
derivative with zinc dust and 10 per cent, potassium hydroxide in a 
closed flask during several hours, when the colour was completely 
destroyed. On contact with air, however, the ethereal liquid imme- 
diately became orange, and on evaporation deposited a brownish-red 
mass which crystallised from alcohol in lustrous, dark brownish-red, 
three-cornered plates melting at 170°: 

0-1272 gave 0-3638 COj and 0-0826 H,0. C = 75-86; H=7-21. 

Cj 5,H250N3 requires C=76-08; H=7-20 per cent. 

From these colour changes it would appear that benzeneazophenyl- 
iminocamphor (I) is first reduced to the colourless phenylhydrazino 
pheuylaminocamphor (II ; not isolated), which is then oxidised in air 


CjH 


ClN-CjH.-NlN-CjHs CH-NH'CjH,-NH-NH'CsH, 


(I) 


(II.) 



tideswell and 'wheeeee: tite oxidation op coal. 895 


to benzffliearophenylaminocamphor. Even very dilute solutions of 
tlie last-named substance were too dark for polarimetric measure- 
ment. 

These experimeuta were carried out at the Royal College of 
Science, South Kensington, during the later months of 1911. 

Saltbbs’ Hall, 

St. Swithin’s Lane, E.C. 4 . [Received, July Zrd, 1919.] 


LXXV.— rAe Oxidation of Coal. 

By Frederick Vincent Tideswell and Richard Vernon 
Wheeleb. 

In a recent paper ("The Oxidation and Ignition of Coal,"‘T., 1918, 
113, 945) a hypothesis was advanced that the first step in the 
oxidation of coal is the formation of an additive compoiind, or com- 
plex, of oxygen with one or more of the substances present in coal. 

Partington {Ghent. News, 1919, 118 , 50) has suggested “that 
this hypothesis, which is of itself not very probable, does not account 
for the observed results, and that it should be replaced by another 
hypothesis,” based primarily on known physical phenomena, which 
appears to be somewhat as follows. 

(1) The admission of air to newly-won coal, deprived of its 
occluded gases, results in the physical adsorption of both oxygen and 
aitrogen on the surface of the coal. The pressure of the air in con- 
tact with the coal will at first fall very rapidly for a short period, 
aad will then gradually fall off until adsorption equilibrium is 
reached. If the adsorbed layer penetrates into the bulk of the 
adsorbent, this very slow final fall of pressure may go on for a long 
time. 

(2) The adsorbed layer, being at high concentration, may subse- 
quently react with the coal, possibly slowly, with the production of 
oxides of carbon. 

(3) The formation of carbon monoxide and carbon dioxide in a 
constant ratio at a given temperature is explained on the assump- 
tion that carbon monoxide is formed first and subsequently reacts 
with water-vapour, the “water-gas equilibrium,” CO + HdO 
OOg-fHo, being attained. 

This hypothesis in principle possesses the great merits of sim- 
plicity and of conformity with well-known phenomena. Had it been 
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possible to account so easily for the facts observed during the oxida- 
tion of coal, some such hypothesis would have been chosen in prefer- 
ence to that ultimately adopted. 

The phenomena that occur during the oxidation of coal bear a 
striking resemblance to, and clearly have much in common with, the 
phenomena of the combustion of carbon. 

Rhead and Wheeler (T., 1913, 103, 461) were faced with a simi- 
lar difhculty to that which presents itself with coal when attempting 
to explain the results of their experiments on the combustion of 
carbon. They found that carbon at all temperatures up to 900°, and 
probably above that temperature, has the power of pertinaceously 
retaining oxygen. This oxygen cannot be removed by exhaustion 
alone, but only by increasing the temperature of the carbon during 
exhaustion. When quickly released in this manner, it appears, not 
as oxygen, but as carbon monoxide and carbon dioxide. Rhead and 
Wheeler concluded, after discussion of their experimental data at 
some length, that: “ No physical explanation alone can account for 
this ' fixation ' of oxygen, but, in all probability, it is the outcome 
of a physico-chemical attraction between oxygen and carbon. Physi- 
cal, inasmuch as it seems hardly possible to assign any definite 
molecular formula to the complex formed, which, indeed, shows 
progressive variation in composition; chemical, in that no isolation 
of the complex can be effected by physical means.” 

In an account of earlier portions of the same research (T., 1912, 
101, 846), the relationship between the carbon monoxide and 
carbon dioxide produced during the oxidation of carbon had been 
fully discussed. A comparison of the rates of reaction at different 
temperatures, between carbon and carbon dioxide, carbon and 
oxygen, and carbon monoxide and oxygen, with a study of the 
prxxlucts of reaction, showed: (1) that some carbon monoxide is 
produced during the oxidation of carbon at low temperatures under 
conditions which do not admit of the reduction of carbon dioxide by 
carbon; on the other hand, (2) carbon dioxide is produced at low 
temperatures in quantity greater than can , be accounted for on the 
supposition that carbon monoxide is first formed and then oxidised 
to carbon dioxide. The conclusion follows that when carbon is 
burnt at low temperatures, carbon monoxide and carbon dioxide are 
produced simultaneously. 

The general conclusion reached by Rhead and Wheeler as regar s 
the mode of combustion of carbon, to account for this simultaneous 
production of the two oxides, presumes the formation of a complex, 
as already stated, and partial decomposition of this complex as fres i 
oxygen molecules became attached, until the carbon becomes satur 
ated.” The products of combustion during this period of satu: 
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tion are the complex, carbon dioxide, and carbon monoxide. After 
the carbon has becmne saturated there is an alternate formation and, 
jlecoinposition of the complex, and the only -apparent products of 
combustion are carbon dioxide and carbon monoxide. These are 
produced in a fixed ratio dependent on the temperature of reaction. 
j)rying of the oxygen by phosphoric oxide does not affect the forma- 
tion of the complex, but retards ite rate of decomposition (T., 1913; 
103, 1310). 

This explanation of the manner of burning of carbon is, we believe, 
accepted by the majority of chemists. A similar explanation of the 
manner of burning of coal at low temperatures could be advanced 
by analogy. To rely solely on such an analogy is, however, scarcely 
jafe; for although there are, in all probability, compounds in coal 
resembling the carbon molecule in their structure (see Jones and 
Wheeler, T., 1916, 109 , 709), there is no evidence of the presence of 
free carbon. Moreover, the fact that the compounds in coal are 
hydrogenated and that some may yield water on oxidation, intro- 
duces a complication from which research on the combustion of 
carlx>n is free. 

tfevertheless, if the same methods of examining the action of 
oxygen on coal be followed as with carbon, a similar conclusion will 
be reached: an hypothesis of physical adsorption of the oxygen, 
followed by direct formation of carbon monoxide, and, subse- 
quently, of carbon dioxide is inadequate to explain quantitatively 
the results obtained ; although it may, at first sight, afford a plans* 
ible explanation of the phenomena qualitatively. 

A comparison of the amount of adsorption of inert gases, such as 
nitrogen, by coal with the amount of oxygen absorbed thereby shows 
the two actions to be not only of a different order but to be affected 
by temperature in a different sense. 

The adsorption of gases by coal has been studied by several 
chemists; for example, Graham {Trans, hist. Min. Eng., 1917, 52, 
338 ) and Katz {U .S. Bureau of Mines, Tech. Paper 147; Washing- 
ton, 1917). Graham obtained the following figures for the quantities 
of different gases adsorbed or, as he terms it, ‘‘ dissolved/’ by the 
same sample of coal-dust (of 200-mesh fineness) : 

Volume of gas fulsorbed per gram of coal. 

C.c measured at N.T.P. 


Temperature. H... N,. CO. CH|. COn. 

30 ° 0-068 0-576 0*712 — 8-00 

100 ° 0-038 0 115 0-159 0-476 1-48 


As regards oxygen, Graham's own words may be quoted: ‘'The 
solubility of oxygen — as distinct from the ordinary (chemical) 
absorption by coal — has also been determined for a sample of 
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oxidised coal-dust, it being, of coyrse, impossible to determine the 
solubility in unoxidised coal directly. The sample used had been 
oxidised for about fourteen days pt 100°, and even after this a 
slight absorption at 30° still took place. For this, however, a cor- 
rection could be made, and with this it was found that oxygen was 
soluble in the oxidised sample of coal-dust (of 200-mesh fineness) to 
the extent of about 40 c.c. per 100 gram when the percentage of 
oxygen over the dust equalled 100. The solubility of nitrogen in 
the same sample was found to be equal to approximately 35 c.c. for 


Fio. 1. 



100 per cent, nitrogen per 100 gram of coal. The figure for the solu- 
bility of nitrogen in unoxidised coal for similar concentration was 
57'6. It is highly probable, therefore, that the solubility of oxygen 
in unoxidised coal will be somewhere about 6S c.c. in pure oxygen 
per 100 gram of coal.” 

These results for different gases are in agreement with the deter- 
minations made of the adsorption of gases by charcoal by Homfray 
{Zeitsch. fhydkd. Chem., 1910, 74, 129), who showed that the 
amounts adsorbed are proportional to the boiling points of the 
gases. 

In Fig. 1 are given time-volume curves for the absorption of 
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oxygen by fresh coal (of lO-mesh 6neness and deprived of its 
occluded gases) at 10®, 50®, and 100®; and in Fig. 2 the same curves 
are reproduced on a different scale for comparison with adsorption^ 
curves for nitrogen at 30®, 50®, and 100®. The nitrogen curve at 
50® was obtained with a sample of the same coal as was used for the 
absorption of oxygen; the curves at 30® and 100® are constructed 
from Graham’s data (obtained with a coal of 200-mesh fineness). 

Increase of temperature is thus shown to cause a rapid increase in 


Fio. 2. 



the rate of absorption of oxygen by coal, and an increase in the 
total amount absorbed (compare also WinmiJI, Trans. Inst. Min. 
Ihig., 1913, 46 , 3, 559; 19U, 48 , 514). On the other hand, the 
quantity of a gas physically adsorbed decreases as the temperature 
is increased. 

Sven at the ordinary atmospheric temperature the amount of 
absorption of oxygen by coal is greater than can be accounted for 
by adsorption phenomena ; and the higher the temperature the 
greater the divergence. Hence the necessity for some such hypo- 
thesis as that of complex-formation to account for the facts. Un- 
doubtedly, it is the small but continually renewed amount of 
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adsorbed oxygen which forms the complex; as with all heterogeneous 
reactions, the reaction takes place in the condensed layer at the 
^oundary between the two phases ; but the complex-formatiim, and 
not the adsorption, is specific of the' reaction between coal and 
oxygen. 

It is, perhaps, necessary to answer the arguments brought forward 
in favour of the production of carbon dioxide through the agency 
of water-vapour, either from carbon monoxide or by direct action 
on the coal. 

The suggested reactions are: CO-fHjO — C + 2H,0 
— and, possibly, 2 H 2 0» — > 2 H 2 O. Each of these 
reactions is known normally to proceed but slowly at temperatures 
below 100°. With the high concentration of the gasemn the coal 
surface it is conceivable that they might be appreciable at 100° or 
lower. No such reactions occur during the oxidation of carbon at 
low temperatures, but, as already indicated, it is desirable not to 
stress the similarity between coal and carbon. Experiments were 
therefore made with coal, which showed : 

(1) That no trace of hydrogen could be detected in oxygen which 
had been circulated over coal at 100° during several days. 

(2) That (moist) mixtures of carbon monoxide and air circulated 
over coal at 100° suffered no change other than that due to the 
action of oxygen on the coal. No hydrogen was formed. 

(3) That mixtures of hydrogen and air circulated over coal at 
100° suffered no loss of hydrogen. 

In each set of experiments the usual formation of carbon dioxide 
and carbon monoxide, in the ratio 2'4 : 1, took place. 

Partington has suggested that " if the reaction between oxygen 
and coal were one of combination, with the formation of a complex 
oxide of carbon,” the complex should have a definite univariant 
relationship between vapour pressure and temperature. The com- 
plex is not regarded as a definite oxide of carbon or of coal ; there 
most probably are slightly differing compounds in coal to which the 
oxygen attaches itself, each forming a slightly different product. 
Probably, also, these oxygen-fixing compounds, which appear to he 
derived from the cellulosic portions of the original coal-forming 
materials, have no definite molecular dimensions, but are continuous 
in structure. Tlie effect of progressive increase of temperature on 
the complex formed with oxygen by such compounds would be to 
cause progressive breakdown of their structure with elimination of 
the simple oxides, the residue requiring further increase in temperar 
ture to decompose it further. 
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Expebiuental. 

The results herein recorded were obtained during the course o4 
au imrestigation which is still in progress (and, when completed, will 
form the subject of a communication to this Society), on the relative 
tendencies to spontaneous ignition of the several distinct portions 
into which a banded bituminous coal can be separated (see Slopes, 
Proc. Roy. Soc., 1919, [iS], 90 , 470; Tideswell and" Wheeler, this 
vol., 919). Tbe particular coal used was the “ durain ” portion of 
the Thick Coal Seam, Hamstead Colliery. 

The apparatus used, which will be described in detail when the 
complete research is described, enabled air or oxygen or any mix- 
ture of gas^ to be circulated in a closed system through the coal, 
which was packed in a reaction-tube the temperature of which 
could be maintained constant. The progress of the reaction could 
be followed by the change of pressure within the system and by 
analysis of the gases. 

In all but the experiments with mixtures of carbon monoxide and 
sir, in which a water-bubbler was used, the gases were dried by 
passage through a caleiam chloride tube included in the circuit, 
The coal was ground so as to pass through a 10 x 10 and remain on 
a 60 X 60 mesh sieve. At the beginning and end of each experiment 
the coal, in position in the reaction tube, was raised to 200° and 
e.diausted at that temperature. 

Typical results for the absorption of pure oxygen at different tem- 
peratures are recorded in Fig. 1. Typical results when mixtures of 
carbon monoxide and air and hydrogen and air were used are as 
follow : 


Carbon Monoxide and Air (7'45 per cent. CO). 

Volume of apparatus : 3,300 c.c. 

Beau pressure of gases ; 660 nun. 

Compoeition : Expressed as c.c. at 16® and 760 mm. 


COj^ o! CO. N,. Hj. 

Initial atmosphere. 0-9 590 227 2240 nil 

Final atmosphere (after . 
circulation during 120 

hours at 100°) 53.4 79 249 2240 ml 


Oxygen abaorb6d=611 C.C. COn fomied = 62.5 c.c. 

CO formed=22 c,c. Ratio 002/00=3*4. 

CO,. 0.j. CO. N,. H,. 


Gases removed from the 
coal by exhaustion at 

200“ 26.6 nil 7-7 0.3 nil 

Hstio COj/CO removed 
at 200° 3-3 

VOL CXV. K K*’’ 
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Hydrogen and Air (3'86'per cent. Hj). 

Volume of apparatus : 1,200 c.o. 

Mean pressure of gases: 560 mm. 

Composition: Expreesed^^o.c. at island 760 mm. 


CO; O2. CO. Nj. \ 

Initial atmosphere nil 213*6 nil 788 40-2 

After 20 hours at 100^* ... 10*52 16*5 3*46 796 40-8 

42 „ ^ 11-20 4*9 4 60 791 59.7 

„ 66 „ 12-00 2-6 4*77 791 40*5 


Oxygen ab8orb6d=21l c.c. CO2 form©d=12'0 c.c. 

CO formed=4*77 c.e. Ratio ca/CO=2-5. 

CO.J. 0.. CO. Na. H,. 

Gases removed from the 


coal by exhaustion at 

200® 3*7 nU 1-2 0*1 nil 

Ratio COa/CO removed at 
200® 3*1 

Eskueals, 

Cumberland. [Received, June 1919,] 
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Electrolytic Preparation ol Chloroform. Josef Feyer 
{%titsch. Ehktrochem,y 1919, 25, 115- — 145). — -The electrolytic 
preparation of chloroform from alcohol and from acetone has been 
investigated under various conditions, particularly in solutions of 
alkali chlorides and chlorides of the alkaline earth metals. It is 
shown that the methods put forward in the literature for the 
electrolytic preparation of chloroform from acetone are inaccurate 
in their details on account of imperfect methods of analysis. It is 
also shown that the present methods of isolating the chloroform 
are imperfect; this applies both to the method of absorption of 
the chloroform in alcohol and to the distillation method. Both 
methods involve considerable loss of material. Pure chloroform 
can only be directly obtained by freezing it out of its mixture with 
hydrogen by means of solid carbon dioxide and ether. The present 
methods of electrolysis are inefficient, because the alkali produced 
in the process decomposes considerable quantities of chloroform. 
By using a neutralisation cathode, it is possible to prepare chloro- 
form from acetone in yields amounting to 65% of the current. 
When platinum electrodes are used, a material yield of 75 — 80% 
is obtained with a current density of Pi amp./sq. cm. at the anode 
and 0*5 amp./sq. cm. at the cathode. The primary reaction in 
the electrolysis is the formation of hypochlorite, which is followed 
by the reaction CHa'CO-CHj + 3HOC1 = CRC^ + OHs'CO^H + 
2H„0. Methyl ethyl ketone and higher ketones react in the same 
way with electrolytic hypochlorite. The method for the prepara- 
tion of chloroform from alcohol put forward by Trechzinsky (A., 
1907 , i, 270) is criticised and shown to be inaccurate. In the 
case of alcohol, it is also possible by the introduction of a neutral- 
isation cathode to obtain considerable yields of chloroform at 
temperatures between 25® and 35® when a current density of 
1 amp./sq. cm. is used on the anode and To amp./sq. cm. on the 
cathode. A current yield of 77% and a material yield of 82% 
were obtained under these conditions. The maximum yield is 
obtained at temperatures between 25® and 30®. The preparation 
of chloroform from acetone or alcohol in calcium chloride solution 
only proceeds well when specially prepared nickel or copper 
cathodes are used. These electrodes are prepared by immersing 
ordinary nickel or copper electrodes in concentrated nitric acid for 
a few moments and then washing with water. Using these elec- 
trodes, a current yield of 71% and a material yield of 80% were 
obtained from acetone in calcium chloride, whilst with alcohol in 
calcium chloride the material yield was 99% and the current yield 
90^0. The formation of chloroform from alcohol occurs in three 
stages: first, an oxidation of the alcohol to aldehyde; secondly, a 
formation of hypochlorite; and thirdly, an interaction between the 
VOL. OXVI. L 
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aldehyde and the hypochlorite: (i) CHj'CHj'OHh-HOC 1= 
CHs-CHO + HjO + HCl; (ii) OH' + CI5, = H‘ + Cl' + CIO'; 
(iii) CH3-CH0 + 3HOC1 = CHC1 s+HCO 2H + 2H20; (iv) H;C02H + 
HOCl = COj + HjO + HCl. It ie shown that equation (i) is partly 
•replaced by the reaction CH3‘CH3"0H + 0 = CHg'CH0 + H20. 

J. F. S. 

Substitution by Halogens in the Aliphatic Series. Ossuk 
Aschan {Finshi Hem. Medd., 1918, 10 pp.; from. Chem. Zentr., 
1919, i, 221). — The catalytic influence bf light on the process of 
chlorination probably depends on the formation of the complex, 
CI3, in illuniinated chlorine. The catalysing action of water is 
attributed to the production of a hydrate, HjOClg + wHjO, whicli 
only actually separates below 0°, but is assumed to be capable of 
transitory existence at a higher temperature. The prffience of 
water during chlorination is particularly advantageous in the treat 
ment of readily volatile hydrocarbons. The method of moist 
chlorination has been applied in particular to subetituted hydro- 
carbons, such as ethyl chloride, isoamyl chlbride, ethylene chloride, 
chloroform, propyl bromide, ethylene bromide, ethyl iodide, toluene, 
and xylene. H. W. 

Organic Chemical Reagents. IV. The Preparation of 
Alkyl Iodides. Roger Adams and V. Voobhkes (J. Amer. Chm. 
Soc., 1919, 41, 789 — 798). — ^Tlie usual laboratory methods for the 
preparation of the alkyl iodides are unsuitable when dealing with 
large quantities of material. The rapid preparation of methyl, 
ethyl, /i-buty] and woamyl iodides (in quantities of 3 — 4 kilos,) 
according to a modification of Walker’s method (T., 1892, 61, 
717) is fully described, along with a detailed account of the 
apparatus employed. vt-Fropyl iodide was prepared in smaller 
amount. 

The suitable alcohol is heated in a large, round-bottomed flask 
of about 12 litres capacity with a mixture of approximately equal 
amounts of red and yellow phosphorus. The vapours evolved are 
condensed in contact with iodine, and are then returned to the 
flask. The use of a certain amount of yellow phosphorus is par- 
ticularly advantageous, the reaction then being instantaneous and 
the colour of the iodine disappearing immediately on reaching the 
reaction flask. During the subsequent distillation of the alkyl 
iodides, tEe troublesome frothing which occurs when only red 
phosphorus is employed is absent. Further quantities of iodine can 
he introduced without dismantling the apparatus, and it is possible 
to prepare more than 6 kilos, of crude iodide in a day, using 
enough phosphorus and alcohol , for four portions of iodine of 
kilos, each. Five such apparatus can easily be run simul- 
taneously, producing 30 kilos, of crude product in a day. 

In the case of butyl and amyl alcohols, the reaction proceeds 
extremely readily, owing to the great solvent action of these com- 
pounds on iodine at their boiling point. A small amount of yellow 
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phosphorus is ^ways loft behind, but phosphonium compounds do 
"■ “• ” »•" “ 

In toe preparation of the lower alkyl haloids, a large excess of 
alcohol may be used, but in the case of the higher flcohols this 

Ttoe p'rXr ’ ^ 

' F. C. 

— /^^troethylene can be orenared 
in 60% yield by the dehydration of ^-nitroethyl alcohol by ph<^ 
phono o«de or sodi™ hydrogen sulphate; it is an almost cob”- 

/ He fi f P- toe vapour of which 

violently attach the eyes and throat. It readily undergoes poly 
mensation; this wcurs slowly when the pure substance is prl 
scrved, more rapidly on exposure to light. The process is remark- 
ably ®taly^<by water, so that a freshly prepared aqueous solu- 
tion of the substance becomes cloudy almost immediately, and the 
separation of the polymeride is complete in a few miLtes (the 
substance cannot he depolymerised to nitroetoylene by heat) • pW- 
mensation IS retarded by acid, bub in these circumstances a '^bw 
motion With water occurs, with formation of i8-nitroetoyl alcohol, 
With alkah, polymensatioii occurs with explosive violence, Reduo- 
tion with stennous chloride and hydrochloric acid yields acet- 
s dehyde and hydroxylmine, whilst with zinc dust and acetic acid 
ethylamine is produced Nitroetoylene unites immediately with 
hiomine in ethereal solution, yielding nitroethyhne dibromide 
^lourless hqu.d b. p 97°/21 mm., and with aniline giving 
N-^-m roe%tenifine, _ NHPh-CH,-CH,.NO,, colourless leaflets^ . 
m, p. 17° (toe hydrochloride is described). 

[With E. Blumich.]— A ttempts to prepare nitroetoylene by toe 
e imination of hydrogen bromide from bromonitroethane by methyl- 
alcobolio potassium hydroxide were unsuccessful, the-products being 
potassium bromide, potassium nitrite, and toe potLium. salt of 
dmitroethane shining, golden needles which explode at about 
lau", aa-drmtrocthane has b. p. 72°/12 mm, H W 

Refractive Power of Solutions 

anpeio. Chem., 1919, 32, 1, 
ot solTt?" *.“tbor has determined the density and refractive indices 

the foniw?n“rrufe: 

86% 5okiion,-Din-2294, n'« 1-4515, < 1-4537, «!;» 1-4533- 
change in refractive index per '’C., 2-8 x IQ-t ' 

'’““S 0-000463. <= 1-4401, n\! 1-43945, 
°Ti! r refractive index per °C = 2-6 x 10-<. 

table brfn^ dosely with those contained inGcrlach’s 

altto’uto tW “ of Lenz, Strohraer, and Skalweit, 

ougb toero is fair agreement with the latter. J. S. G. T 

0 2 
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New Initial Materials lor the Preparation oi All^i 
Compounds. Ossiar Aachar (Finska Km. Medd., 1918, 3 pp., 
from C'hem. Zentr., 1919, i, 221). — A mixture of glycerol and 
formic add (95%) is heated for four hours under reflux in the 
presence of a small quantity of ammonium chloride as catalyst 
and the product is fractionally distilled. At above 190°, the 
glycerol diformln primarily formed breaks down into allyl formate, 
water, and carbon dioxide, and decomposition is complete at 260°. 
Allyl chloride is obtained in good yield when cold allyl formate 
containing 10% of dissolved zinc chloride is treated with hydrogen 
chloride and the mixture is subsequently heated on the water- 
bath, H, W. 

Action o{ . Heat on the Alkali and Alkali-Earth Methyl 
Sulphates. J. Guvor and L. J. Simor (Ccnnpt. reiid., 1919, 168, 
1051 — 1056). — Potassium methyl sulphate when heated at 220°, 
rising slowly to 280°, is decomposed almost quantitatively into 
potassium pyrosulphate and methyl ether. At a slightly lower 
temperature sodium methyl sulphate behaves similarly, but at the 
higher temperature 7% of the salt is decomposed into sodium sul- 
phate and methyl sulphate. This second reaction with the 
formation of the two sulphates is the principal one, and occurs 
below 200° in the case of calcium, barium, and lithium methyl 
sulphates, and slowly in the cold in a desiccator in the case of 
strontium methyl sulphate. W. G. 

Alcoholysis. An. OrOr, Frarz Witika, and EmilKunzs [Ohm. 
Umschau Fett-lnd., 1917, 24, 15 — 16, 31 — 34; from Chem. Zentr., 
1919, i, 222 — 223). — The authors have investigated the direct con- 
version of fats into the ethyl esters of their fatty acids by boiling 
them with alcohol containing a small amount of mineral acid. 
Alcoholysis in an acid medium is found to be a consecutive process, 
thus showing that the hydrolysis of fats proceeds by separate steps 
in every case. Pure tristeariu was obtained by the catalytic reduc- 
tion of almond or sesame oil and removal of oleodistearin and free 
fatty acid by washing with light petroleum and boiling with 
alcohol. The best results were obtained when tristearin (100 
parts) was heated for three hours with a 1% solution of sulphuric 
acid in' absolute alcohol (150 parts). The product consisted of a 
mixture of mono-, di-, and tri-stearin and ethyl stearate, from 
which the tristearin could readily be removed by crystallisation 
from alcohol; the separation of the other components was effected 
after distillation of ethyl stearate under diminished pressure, and 
was best accomplished by a frequent change of solvent (alcohols 
in which monostearin is most readily, and light petroleum in which 
it is least readily, soluble). Three thousand grams of tristeariu 
yielded 400 grams of unchanged material (after repeated alco- 
holysis of the fraction which had escaped action in the first treat- 
ment), 300 grams of distearin, 200 grams of monostearin, more 
than 1200 grams of ethyl stearate, and 600 grams of mixed frac- 
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lions. The distearin fraction had m. p. 74-5°, 75°, 75'5° (it 
should he noted that a molar mixture of mono- and tri-stearin has 
the same m. p. as distearin) ; it was converted by thionyl chloride 
into distcarochlorohydrin, m. p. 56°, described by Griin and 
Theimer, and appears to be the ajS-distearin. The monostearin 
fraction was composed of indistinct crystals, m. p, 79 — 80°, 
hydroxyl number, 3ir4. H. W. 

Chemistry of the Glutaconic Acids. XI. The Occurrence 
of 1 • 3-Addition to the Normal Form. Jocblys Field Thobpb 
(T., 1919, 115, 679—686). 

Lac'tonic Acids. Bhor Holmberg {Swnsh Km. Tidskr., 1918, 
30, 190 — 205, 215 — 222; from Ghent. Zentr., 1919, i, 223 — 224). — 
In extension of his work on the Walden inversion, the author has 
investigated the stereochemical and kinetic behaviour of laotonic 
acids, The hydrolysi.s of malic acid lactone has been examined 
from these points of view, and, since the behaviour of yS-lactones 
differs in several respects from that of y-lactoncs, the work has 
also been extended to paraconic acid. 

t-Ualic acid' lactone, shining leaflets or thin plates, m. p. 64 — 65°, 
is prepared by the action of moist silver oxide on r-iodosuccinic 
acid: i-malic acid lactone, colourless syrup, 4-41°, in aqueous 
solution (2'^%), is similarly obtained from f-iodosuccinie acid. The 
rate of hydrolysis was measured by dis.solving the crude acid in 
rater or dilute nitric acid of the desired concentration and esti- 
mating the amount of lactone in the solution by heating a 
measured portion until hydrolysis was comnlete and determining 
the increase in acidity by titration. Autohydrolysis is a rather 
flow, unimoleoular change; nitric acid somewhat increases the 
velocity of action. In acid solution, d-malic acid lactone yields a 
mixture of r- and f-malic acids, whilst almost pure (7-malic acid is 
formed in alkaline solution. 

The formation of paraconic acid by elimination of bromine from 
.salts of itabromopyrotartaric acid is a unimoleoular change which 
is not reversible in dilute solution. As acid salt and to a still greater 
extent as free acid, itabromopyrotartaric acid is onlv slowly con- 
verted into its lactone. Silver salts catalyse the elimination of 
bromine in acid solution. The formation of paraconic acid from 
itamalic acid is reversible. Acid salts of ilaraalic acid are only 
slowly converted into paraconic acid, and this is also true of the 
reverse action in neutral solution. Lactone formation and hydro- 
lysis are catalysed by hydrogen ions. The affinity constants of 
itamalic acid and paraconic acid are anproximatelv ^’ = 0'0003 — 
0-0004. The hydrolysis of paraconic acid by alkali is a bimolecniar 
reaction. H. W 

Action of Carbon Disulphide on Nitromethane. Erich 

Ibeond (Ber., 1919, 62, 1711, 542 — 544). — A mixture of nitro- 
Biethane and carbon disulphide reacts with alcoholic potassium 
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hydroxide to give potassium nitrodithioacetate, as a brown, crystal- 
line precipitate, decomp. 203'5°. When heated with potassium 
hydroxide, it yields potassium nitroacetate (Steinkopf, A., 1909 
i, 559), and its solutions do not give an acid reaction until one 
equivalent of acid has been added, this change being interpreted as 
follows: 

OK-NO:CH'CS'SK — OH-NOICH-CS-SK NOa-CH^-CS'SK 

J. C. W. 

Some Metallic Derivatives of Ethyl TbioglycoUate. 

Chables a. Rouiller (J. Amer. Chem. ^oc., 1919, 41 , 777 — 781). 
— Ethyl thioglycollate was shown by Rowntree and Abel (JAPhar- 
macol., 1910, 2, 108) to dissolve antimonious and mercuric oxides, 
the hydrogen* of the mercaptan group being completely replaced 
by the metal. The antimony derivative of the ester is an insoluble 
oil, but the corresponding amide is soluble in water and possesses 
trypanocidal properties. The author has found that the oxides of 
bismuth, copper, mercury, silver, zinc, tin, and arsenic react ener- 
getically with ethyl thioglycollate. It was hoped to prepare 
bactericidal substances, which would either be soluble in water 
or could be used in powder form on wound surfaces, Triethtil 
hismuthtriihloglycMate, Bi(S‘CH 2 'C 02 Et) 3 , forms small, yellow 
crystals, m. p. 87 — 88°, soluble in alcohol. Diethyl mercwi- 
dithioglycollate, Hg(S‘CH2-C02Et)2, long needles, m. p. 65°, is 
identical with the product obtained from mercuric'chloride and two 
molecules of ethyl thioglycollate (Wislicenus, Annahn, 1868, 146, 
148). Ethyl silverthioglycollate, yellow needles from acetone, 
m. p. 75 — 77°, is with difficulty decomposed by concentrated nitric 
acid in sealed tubes. The action of silver nitrate on the ester was 
also investigated. With cupric hydroxide a crystalline substance 
is obtained which contains less than half the amount of copper 
to be expected from analogy with the previous reactions. It is 
very resistant to concentrated nitric acid at 200—270°. E. 0. 

Constitution of Maltose, A New Example of Degradation 
in the Sugar Group. James CouquHous Irvine and James 
Scott Dick (T,, 1919, 115 , 593—602), 

Inversion of Sucrose by Mechanical Ionisation of Water. 

J. E. Abelohs and J. Aloy (Oompt. rend., 1919, 166, 
1125 — 1128). — If 100 C.C. of a 5% solution of sucrose are passed five 
times through a Richardson pulveriser, 0-06 gram of invert sugar 
is obtained. The addition of sodium or potassium chloride appre- 
ciably increases the yield of invert sugar. Using a mixture of 
electrolytes such as is found in the Ringer-Locke solution, a slightly 
greater increase is obtained, and if a trace of zinc sulphate or, 
better still, a trace of zinc sulphate and a trace of manganese 
sulphate is added, the increase is still greater. On the other hand, 
the presence of a trace of potassium cyanide or of hydrocyanic 
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acid or of silver nitrate prevents the inversion taking place. The 
inversion is greater in Baulin’s solution than in Locke’s solutioD, 
and the authors have determined the effect of removing in turn 
each one of the ingredients of Baulin’s solution in the inveraion. 
The results so obtained are in agreement with those obtained' by 
Raulin in his work on Aspergillus niger. Similarly, the anti' 
septics which inhibited the development of Aspergillus niger 
equally checked the inversion of sucrose. The curve showing the. 
relationship between the amount of sucrose inverted and the 
number of passages through the pulveriser is sinusoidal, but 
slightly irregular. . W. Gr. 

The Composition of Starch. I. Precipitation by Colloidal 
Iron. n. Precipitation by Iodine and Electrolytes. John 

Hellanby (Biochem. J., 1919, 13, 28 — 36). — When colloidal iron 
is added to a solution of starch three well-marked phases may be 
recognised; (i) a portion of 'the starch is precipitated by the col- 
loidal iron only, (ii) a second portion of the starch is carried down 
with the colloidal iron when an electrolyte is added, and (iii) the 
filtrate from (ii) contains unprecipitated starch. Eighty % of the 
starch is precinitated in the first phase, independently of the 
amount of iroo^ldded. Starch in solution bears a negative charge. 
Rrom these observations it is concluded that amylogranulose may 
be divided into three fractions, a, 0, and y, according to their 
precipitability by colloidal iron. 

Quantitative studies of the reaction between starch and iodine 
indicate that a quantitative reaction takes place between the 
starch and the ionised iodine. The theory that iodine reacts 
chemically with starch is strengthened by the fact that the equiva- 
lent point is not affected by dilution, temperature, or the precipi- 
tating electrolyte. On this basis the least value for n for 
(Q.HidOajn is 10, assuming that one molecule of starch reacts with 
one atom of iodine. This value is, of course, only a mean value 
for a number of starch complexes, such as a, 0, and y granulose, in 
which n is continually varying. For amylogranulose y (laiprecipi- 
tated by colloidal iron), (Cr,H,f,0.-),r, is equivalent to I. After the 
formation of the starch iodide it may adsorb further quantities of 
iodine, depending on the iodine concentration of the original mix- 
ture. T. 0. D. 

The Supposed Degradation of Starch by Formaldehyde. 

Martin Jacoby (Ber., 1919, 52, [B\ 558 — 562).- — Woker's assump- 
tion that formaldehyde resembles diastase in its action on starch is 
primarily based on the fact that mixtures of starch and form- 
aldehyde soon lose the power of giving a blue colour with iodine 
(A., 1917, i, 61, 447). It is now shown that the addition of 
ammonium acetate is quite sufllcient to restore this power, whereas 
it has no influence on the iodine reaction with starch which has 
been left with diastase (compare also von Kaufmanu, ihkl., 251). 

J. C. W. 
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The Nature of Solutions of Starch in Formalin, and the 
Quantitative Re-conversion of Formalin-Starch into 
Starch. The Colour of Iodine Solutions. W. vos KAoniAKH 
and A. Lewite (Ber., 1919, 52, [B], 616—627. Compare A. 
1917, i, 251). — The fact that solntions of starch and formalin 
merely contain an additive compound of the two agents and not 
hydrolytic products as Woker supposed, is proved by the quanti- 
tative recovery of absolutely unchanged starch from such mixtures 
by precipitation with alcohol. 

The colorations with iodine which such solutions produce 
(resembling those given by partly hydrolysed starch) may be 
explained in the terms of colloid chemistry. If, as Harrison 
assumes* /fleitsc/i. Vhem. Jnd. Kdloide, 1911, 9, 5), the well-known 
blue colour is the colour of colloidal iodine protected by the starch 
then formaldehyde causes a reversible increase in the degree of dis- 
persion, and the addition of electrolytes an aggregation of the 
particles (the. blue colour is restored by electrolytes), which is 
furthermore hindered by the addition of a protective colloid like 
gum-arabic. 

The colour of iodine solutions in halogen derivatives of methane 
and ethane changes from brown to violet according as the number 
of un-substituted hydrogen atoms falls. 4 J. C. W. 


Space Representation of Organic Nitrogen Compounds. 

Panohakan Neooi {J. Amer. Chem. Soc., 1919, 41, 622—639).— 
A theoretical paper, in which it is shown that the properties ol 
nitrogen compounds can only be explained on the assumption of a 
tetrahedral formula for nitrogen, using the complete figure for 
quinquevaleiit nitrogen (I) and the “inner tetrahedron” for 
tervalent nitrogen (II), thus: 



The subjects discussed are as follows, (1) The non-equivalence of 
the fifth bond, as revealed by the discovery of isomerides of the 
type (NMes*OR)OR' and (NMe 3 *OR^)OR (Meisenbeimer, A., 1913, 
i, 596). (2) The non-existence of any isomerides of the types 
Nojlia! and fia^be.r, and the existence of only two optical isomerides 
of the type 'Sahedx. (3) The existence of only four optical iso- 
merides in the case of compounds containing one asymmetric carbon 
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and one asymmetric nitrogen, or two asymmetric nitrogen atoms. 

(4) The non-existence of isomeric pyridinium. and quinolinium com- 
pounds and the existence of isomeric tetrahydroquinolinium salts. 

(5) The failure to resolve amin^ of the type Na5c into optical 

isomerides has hindered the general acceptance of a space repre- 
sentation for tervalent nitrogen, although the above formula is 
used to explain the isomerism of the oximes, etc. It also explains 
why ierf.-amines of this type give enantiomorphous amine-oxides 
on oxidation (Meisenheimer, A., 1912, i, 25), these compounds 
being represented as in (HI) above. J. C. W. 

preparation of Diacetonamine. Arthur Ernest Everest 
(T., 1919, 115, 588—592). 

The Mechanism of the Artificial Formation of Carbamide 
by Oxidation, and the Synthesis of the Natural Principals 
in Plants. R. Fosse [Gompt. rend.y 1919, 168, 1164—1166. Com- 
pare this vol., i, 297). — The oxidation of very small amounts of 
dextrose in strong ammonium hydroxide solution gives rise to 
considerable proportions of cyanic acid and carbamide. After 
tautomerisatioueof the ammonium cyanate by heat the yield of 
carbamide exceeds 70% of the dextrose used. Much higher yields 
of carbamide are obtained by oxidising, under the same experi- 
mental conditions, formaldehyde or urotropine. The author sug- 
gests that in the formation of carbamide from sugars by oxida- 
tion, formaldehyde is first formed, and is then converted by the 
action of ammonia and oxygen into hydrogen cyanide, which is 
further oxidised to cyanic acid, which with ammonia yields carb- 
amide. W. G. 


Certain Metallo - Ferrocyanide Compounds, their 
Behaviour towards Chlorine and Bromine, and their Use 
in Analysis, Franz Felix Werner (ZeAisch. anal. Chem., 1919, 
58, 23 — •24. Compare A., 1912, ii, 687). — Manganese ferrocyanide. 
—A white substance which is coloured green by chlorine water and 
oxidised to the brown ferricyanide by bromine water. Nickel feiro- 
cijanide. — Bluish-green; not attacked by chlorine water, but con- 
verted into the brown ferricyanide by bromine water. Cohalt ferro- 
cyanide. — An unstable, green compound, which chlorine water 
oxidises to the ferricyanide; it is decomposed by bromine water, 
yielding black, hydrated cobalt oxide. Mercuroas ferrocyanide. — 
The grey compound is coloured green when treated with chlorine 
water or bromine water. Mercuric ferrocyanide. — White ; chlorine 
water colours it green and bromine water brown. Bismuth ferro- 
ciianide. — A yellowish-green compound which is not attacked by 
cMorine water or bromine water. [See further, J. Soc. Chem. Ind., 
1919, July.] W. V. S. 


0 
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The Benzene Problem, A. vou Wbinbbbg (Bar., 1919, 62, [B], 
928 — 940). — A theoretical paper, in which the author advances an 
explanation of the atomic structure of benzene based on the con- 
tinuous oscillation of the atoms within the molecule. The author 
considers that in the case of the double bond two valencies of one 
atom saturate or strive to saturate two valencies of a neighbour- 
ing atom in consequence of the oscillation of the atomic nuclei; a 
considerable amount of evidence in favour of this hypothesis is 
deduced from consideration of the internal energy, molecular 
volume, absorption spectra, intramolecular change, and Waldeu 
inversion of substances containing unsaturated groups and of the 
influence of double bonds on the stability of the molecule. The 
argument is extended to conjugated linkings and thence to benzene • 
in the latter case the six carbon atoms only lie in one plane as a 
transitory phase; otherwise, the atoms 1, 3, 5 and the atoms 2 4 
and 6 are on opposite sides of the plane. The oscillation model is 
shown to account satisfactorily for the phenomena of substitution 
and to allow the construction of symmetrical formula for naphtha- 
lene, anthracene, phenanthrene, and pyrene, whilst it also accounts 
for the difference in properties between benzene and cyc/oocta- 
tetraene; it leads to a uniform formulation of y>quinoues and 
quinols, and accounts for the existence of two forms of o-quinones. 
Triphenylmethyl and the metallic ketyls can be formulated with- 
out recourse to tervalent carbon, whilst the phenomena of hydro- 
genation of the phthalic acids are also explained. For details, the 
original paper must be consulted. H. W. 

The Melting Points, Refractive Indices and Densities of a 
Series of Dihalogenohenzenes. J. Narbutt (Bcr., 1919, 
52, [S], 1028 — 1034). — The melting points were determined by 
observation of the cooling curves of the molten substances, and are 
accurate to within ±0'02® for m. p.'s above the atmospheric tem- 
perature and to within ±0’P for those of lower temperature; the 
error in the case of the refractive indices, determined with an Abbe 
refractometer, does not exceed ±0‘0002-3, whilst the densities are 
accurate to ±0'0001-2. The following constants have been deter- 
mined: p-dichlorobenzene, m. p. 52'9‘^; o-dichlorobenzene, m. p. 
- 17‘5° J)\^ 1-3104, Df* 1-3048, 1-5524 ; m-dichlorobenzene, m. p. 

-24*4°, D7’ 1'2937, Df 1-2881, n]l'^ 1‘5472; ^-chlorobromobenzene, 
m. p. 64-6'’ ; o-chlorobroniobenzene, m. p. - 12-6°, 1-6511, Df 1-6444, 

1-5821; m-chlorobromobenzene, m. p. -21'2° Di* T6365,' 
Df 1-6297, 1*5773 -, p-dibrumobenzene, m. p. 86-9°; o-dibromo- 

benzene, m. p. -^1-8°, Dl® 1-9633, Df 1-9557, I'GHT; 
bromobenzeue, m, p. -6-9° Df !'9599, Df 1’9523, 1-6083; 

^-bromoiodobenzene, in. p. 90'1®; o-bromoiodobenzene, m, p. -f-2*l°; 
m-bromoiodobenzene, m. p. - 9’3® ; p-di-iodobenzene, m. p. 129 0“’; 
o-di'iodobenzene, m. p. 23-4°; nwii-iodoben-zene, m.p. 34*2°. H. W. 

Products ol Nitration ol p-Cymene. Ossian Aschan [with 
Tbrasvuoki and Per Ekwall] {Fimka Kern. Medd., 1918, 5 pp-i 
from Chem. Zentr., 1319, i, 227). — Direct nitration of cymene 
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yielded 2-nitrocymene, Df 1*067, in minimal amount. Cymene 
y;a3 gradually added to well*cooled concentrated nitric acid 
I^D r52), and the following substances were isolated by prolonged 
fractional crystallisation of the solidified product. I. Substance^ 
C]8 Hi 70 ioN 5, yellow needles, m. p. 70°, which when reduced with 
ammonium sulphide yielded an amines orange needles, m. p. 
77_78° (hydrochloride y m. p. 215 — 218°). II. 3 : 5-Z)mi^rf)-p- 
ci/mene, greenish-white plates, m. p. 54°, which were reduced ionitro- 
cart'ocrylaminey yellow needles or prisms, m. p. 80 — 82° (hydro- 
chloride, pale red crystals, m. p. 208 — 210°; acetyl derivative, m. p. 
111°). Nitrocarvacroly needles, m. p. 116 — 117°, was formed as 
by-product during diazotisation. III. Suhstance, Prob- 

ably dinitrohydroxy-p-cymene, CgH2Me(N02)2*CMe2‘0H, prisms or 
plates, m. p. 90 — 91° H. W. 

The Dimethylnaphthalenes of Coal Tar. H. Weissgbrber 
and 0. Kruber (Ber., 1919, 52, [5], 346 — 370). — Physical methods 
for the separation of the dimethylnaphthalenes in the heavy-oil 
fraction, b. p. 260 — 2^5°, seem to be out of the question, and when 
it is considered how many sulphonic acids could be formed by the 
ten possible isomerides, no great help could be ex.pected from 
the sulphonation method which has served so well in the case of 
the polymethylbenzenes. Nevertheless, the authors have tried the 
method, and by varying the conditions have succeeded in isolating 
the 1:6-, 2:6-, and 2 :7-isomerides with far less trouble than was 
anticipated. 

1:6-Dimetsylnaphthalene. — The crude oil is purified by alter- 
nate fractionation and agitation with small quantities of concen- 
trated sulphuric acid in the cold. It is then stirred with 60% of 
its weight of 98% sulphuric acid for eight to ten hours at about 
40 ®, when the pasty mass of sulphonic acids is separated and mixed 
with a little water. A solid sulphonic acid is deposited, which is 
purified by crystallisation from 33% sulphuric acid and converted 
into its sodium salt, bundles of needles, IHgO, and amide, 
m. p. 185° The sulphonic acid is hydrolysed by 
means of steam at 130 — 140° to \:^-dimethylnaphthalene, which 
has b. p. 262 — 263°, 1-0056 (o-inethylnaphthalene has 

1 0267), and forms a picrate, long, orange-red needles, m. p. 114° 
The constitution of the hydrocarbon is revealed by the following 
feries of reactions. 

By the alkaline fusion of the sulphonate, A:l-dimethyl-a-naph~ 
thl is obtained, in slender needles, m. p. 82°, which couples with 
henzenediazonium chloride to form a dye, CigHj^gONo, dark red 
leaflets, m. p. 134°, which is insoluble in, and indifferent to, potass- 
iiun hydroxide, and is therefore an o-hydroxyazo-compouud. On 
oxidation with chromic acid in glacial acetic acid, the hydrocarbon 
yields 2-.b-dimetkyl-a-}uiphthaquinone, which crystallises in pale 
yellow rosettes of puugent-Bmelling needles, m. p. 95°, and may be 
oxidised further, by permanganate, to 3-methyl-o-phthalic acid 
(Jiirgens, A., 1907, i, 1036), The production of the o-azo-dye, tbo 

o* 2 
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2 >-quinone, and the S-methylphthalic acid indicates that the hydro- 
carbon is either a 1:6- or 1 : T-dimethylnaphthalene and the sul- 
phonic acid the 4'derivative. For the final decision, oxidation 
to a dicarboxylic acid is necessary, bub many methods were tried 
before this could be accomplished. Oxidation with alkaline ferri- 
cyanide gives nap}ithalene-\‘^-dicarhoxylic add, which crystallises 
in microscopic needles, m. p. 310°, and forms a methyl ester, rosettes 
of needles, m. p. 99° Prolonged boiling with about 5% nitric acid, 
however, gives chiefly ^methyl-a-'naphthuic add, which crystallises 
in slender, white needles, m. p. 150—152°, forms a methyl ester, 
a pale yellow oil with a resinous orlour, b. p. 183 — 187°/30 mm/ 
and an ethyl ester, b. p. 203 — 205°/30 nun., and yields 3-methyl- 
naphthalene when heated with hydrochloric acid at 222 — 230°. 

The above dicarboxylic acid was also prepared as follows: 
^-Naphthylamine-5-sulphon)c acid is diazotised and boiled with 
cuprous cyanide, the potassium ^-cyanonaphthaUneA-sulphonait is 
distilled with potassium cyanide, and the 1 : 6-dicyanonaphthalene 
(short needles, m. p. 208—210°; compare Darmstadter and Wichel- 
haus, Amidlen, 1869, 152, 309) is hydrolysed. 

2:6-Dimethvlkaphthalene. — the sulphonation is carried out 
at 135 — U0°, and the product is poured on ice, a much less soluble 
sulpho)dc add soon crystallises. This crystallises in large, glisten- 
ing leaflets, gives a sparingly soluble s^kini salt, 5 H 2 O, and an 
amide, m. p. 265—266°, and yields the known 2 : B-dimethylnaphth- 
alene on hydrolysis. The hydrocarbon has m. p. 110 — 111°, b. p. 
261 — 262°, and has the odour of aniseed, whereas the specimen 
obtained by Baeyer and Yilliger from ionone (A., 1899, i, 922) had 
the odour of orange blossom. The identity of the compound is 
established, however, by its oxidation with chromic acid to 2 : 6-di- 
methylnaphtha-1 :4-quinone and then by permanganate to trimel- 
litic acid (ihid.). 

The explanation of the different course of the sulphonation was 
found by sulphonating the pure hydrocarbons. 1 : 6 -Dimethyl- 
naphthalene yields the 4-sulphonic acid in the cold, but a mixture 
of freely soluble acids at above 100 °; 2 : 6 -dimethyliiaphthalene 
yields the freely soluble 8 -sulphonic acid in the cold, which is 
hydrolysed to the hydrocarbon by boiling with about 70% sulphuric 
acid, and converted into the 7-sulphonic acid by heating with 78% 
sulphuric acid at 135 — 140°. The constitution of the sulphonic 
acids follows from the properties of the corresponding naphthols. 
2 : ^-Dimethylnaphihalene-^-sulphontc add [3 :7 -dimethyl-a.-naphth- 
alenesvlphonic acid\ crystallises in flat needles and tablets, its 
chloride in stout prisms, m. p. 105 — 107°, and its amide in rosettes 
of leaflets, m. p. 207°. The product of the alkaline fusion, 
S :7-dimethyl-a-'napkthol., forms colourless needles, m. p. 105 — 106°, 
and couples with benzenediazonium chloride to give hishenieneazo- 
Zil-dimethyl-a-naphthol, C 34 H 2 nON 4 , in steel-blue needles, m. p. 
191°. d'.l-Dimethyl-^-napktJialenesidpkonic acid, the above pro- 
duct of the sulphonation at 135 — 140°, gives rise to 3 :7-dimethy- 
^-mphthd, which crystallises in glistening needles, m. p. 173—174 , 
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and forma a hemeneazo'Com^ouw^, in brilliant orange-red needles, 
jn. p. 149 — 151°. This is converted into Sil-dimeth^hiaphtha- 
l:2-quinone, ruby-red needles, m. p. 151 — 152°, by reduction to 
the aminonaphthol, followed by oxidation with dichromate. 
2 : 6 -I)imetliyInaphtha-l :4-quinon6 (above) reacts with phenyl- 
hydrazine to form A~h€nzen€a 20 ' 2 :&-dimethyl-a-naphthol, which 
crystallises in fiery orange-red needles, m. p. 240 — 241° (decomp.), 
and changes in alcoholic solution from orange to magenta on the. 
addition of alkali hydroxide. 

2 : 7-Dimethylnaphthalene. — For practical purposes, it is not 
advisable to isolate the 2 : 6 -ist>meride from the original oil, but to 
proceed as follows: the oil is siilphonated in the cold, and the 
liquid sulphonic acids removed from the solid 1 ; B-dimethyl- 
naphthalenesulphonic acid are heated at 150 — 160° for a few hours 
and then hydrolysed, giving a mixture of solid and liquid hydro- 
carbons. The solid mixture generally has m. p. 50—60°, but is 
frequently so rich in the 2 : 6 'isomeride as to yield this readily by 
fractional crystallisation. If not, it is sulphonated at 135 — 140°, 
the solid 2:6-dimethylnaphthaIenesuIphonic acid is removed, and 
the liquid acids hydrolysed again. Once more a mixture of solid 
hydrocarbons with low m. p. is obtained. This is. then sulphonated 
at about 40°, and the pasty product crystallised from 30% sulphuric 
acid. Two sulphonic acids separate, which are hydrolysed in the 
usual way, when 2 :l-dimethyJ naphthalene is obtained in glistening 
leaflets with an aromatic odour, m. p. 96 — 97°, b. p. 262°, the 
jiicrate crystallising in pale yellow needles, m. p. 135 — 136°. 

The constitution of the new hydrocarbon is established in the 
usual way. When sulphonated at 100°, it yields 2:l-dimethyl‘ 
naphihalene-Z-fndphomc acid, which crystallises in pearly, sword- 
like forms, and forms a sodium salt, bundles of needles, and an 
mide, m. p. 197—198°. The sodium salt can also be isolated 
from the above crude mixture obtained by sulphonating in the 
cold, or from the mother liquors of the above 2 : 6 -dimethyl- 
iiaphthalenesulphonat^. When fused with potassium hydroxide, 
the salt yields Zi^-dimethyh^-nnphthol, in lanceolate crystals, 
m. p. 171 — 172°, which gives a brilliant orange-red henzeneazo- 
dye, m. p. 183 — 184°. When the dye is reduced and the white 
amine is oxidised by chromic acid, Z:^'dimethylnaphth<i-\'.% 
uninone is obtained, in stout, brownish-red prisms, m. p. 152 — 153°. 
The isomeric Z ‘.^-dimethylnaphthaA. 'A-quinone, yellow needles, 
III. p. 114 — 115°, is obtained by oxidising the hydrocarbon with 
chromic acid, and it yields trimellifcic acid on oxidation with per- 
manganate. 

The coal-tar fraction, b. p. 220 — 290°, is commonly regarded as 
being poor in solid ingredients, in fact, is often used to maintain 
other fractions in the liquid state. The discovery of two solid 
ilimethylnaphthalenes is therefore contrary to this idea. The only 
genuine oils in the fraction are the ^-methyl- and 1 : G-dimethyl- 
Jiaphthalenes, the fluidity being due to the enormous depression 
the freezing point mutnally exerted by the ingredients. A 
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possible outlet for naphthalene as an oil would therefore consist in 
methylating it. J, c. W. 

2 : S-Dimethvlnaplithalene in Coal Tar. R. Wkissoebbkr 
1919, 52, [fl], 370 — 371). — On working up the liquid 
sulphonic acids accompanying the 2 : 6-dlmethylnaphthalene- 
sulphonie acid (preceding abstract), a well-defined sodium salt was 
once accidentally obtained which gave a fourth dimethyl- 
naphthalene, crystallising in large leaflets, m. p. 104 — 105°. By 
direct comparison, this has now been identified with the 2:3-di- 
methylnaphthaleue (guaiene) recently obtained by Schroeter and 
others from guaiacum resin (this vol., i, 84). J, C. W. 

Oximinoacetanilides and their Condensation to Isatins. 

T. Sandmeveu {Heh. Ohim. Acta, 1919, 2, 234— 242).— If a freshly 
prepared solution of hydroxylamine sulphate is boiled with aniline 
or many of its derivatives and chloral hydrate, oximinoacet- 
anilides are formed, according to the equations: CCl,-CI10-i- 
CC1,-CH:N-0H; this 
-I Nlb^Ph-r H..0=NHPh-C0-CH:N'01I. 

The majority of these compounds, if the ortho-position is un- 
occupied, give excellent yields of isatins when heated with sulphuric 
acid at temperatures varying from 55° to 100° and then diluted 
with water; thus; 

nhpii-cO'Ch:n-oh - h^o 

The solution of hydroxylamiue sulphate is obtained by boiling 
one of hydroxylaminesulphonic acid, prepared by Raschig’s method. 
The oximinoacetAnilides are all more or less pale yellow, floccu- 
lent, crystalline precipitates. The following have been prepared: 
o.rimii}(Kicet-aniJide, ra. p. 175*^5 -o-, -m-, and 
m. p.’s 121°, 146°, 162° respectively; -m- and -p-xylidides, m. p.'s 
161° and 151°; -o-aniddidej m. p. 140°; -p-phenetidide, m. p. 195°; 
-methyl-, -ethyl-, and -henzyl-anilide&, m. p.’s 145°, 160°, and 142°; 
- 0 -, -m-, and -p-€hloroanUide%, m, p.’s 150°, 154°, 165°; -2:5-, -3:4*, 
and -Z-.^-dkhloroanilides, m. p.'s 163°, 158°, 185°; -5- and -i-eUoro- 
o-iolmdklei, m. p.’s 167°, 148°; -6- and A-chloro-m-ioluidides, m.p.’s 
187° 134°; -2- and -Z-chloro-p-toluidides, m. p.’s 177°, 188‘5; 
-i-ch(oro-o-anmdide, m. p. 182°; -p-hromoanilide, ni, p. 167°; 
-2-A-dihrom<)anilide, m. p. 215°; and oziminoaceianthraniUc acitl, 
m. p. 208°. 

' The following isatins are new; i\l-dimeihylisaiin, orange-yellow, 
m, p, 250°; 1-chlorohaiin, reddish-brown, ra. p, 175°; ^-A-dhUoro- 
isatiii, lemon-yellow, ni. p. 250°; A:-QhloroA-rnethyli&aiin, orange- 
yellow, m. p. 273°; b-chloro-7-methylisatm, yellowish-brown, m. p- 
265°; 1-chJoroA-methylkatin^ orange-yellow, m. p. 252°; i-chlor(^ 
7-methoxyimtin, dark red, m. p, 240°; and iHaiin-^-carhoxyk' 
add, brownish-yellow, m. p. 235°. J, C. W. 



OROANIO CnUMISTRY. 


i. 319 


The Conception of Internal Molecular Strain and the 
Theory of Benzene. U. Voklandsb (Ber., 1919, 52, [B], 
263 — 283). — theoretical paper dealing chiefly with the problems 
of orientation in the benzene series. 

I. Positive and Negative Radides attached to the Benzene 
Nucleus. — The various radicles are sharply divided into two classes, 
according to the position occupied by the second substituent in 
bromination, nitration, or sulphonation. One group exerts a 
msitive influence, directing the new substituent into the mete- 
position, and includes 'SOjH, -NO,, -CHO, -CHINO^H, -COjH, 
iCOjAlk, -CO-NH^, -COAlk., -COT-CO^H, iC-OH, -ON, -CCls, 
•NH 3 X, -NHjAlk.X, •NHAlk.jX, -NAlk.jX, -NHjAcylX, The 
other group has a negative influence, and is ortho- jxira orienting; 
it includes halogens, -OH, -OAlk., -OAcyl, "NH,, -NHAlk., ’NAlk.j, 
•NHAcyl, -NIN-, -CHa, -CH-jAlk., -CHAlk.,, -OMea, -CH^Cl, 
.CH.,-0-NOj, -Cllo-SOair, -CH.-NHo, -CIL-CN, -CH.-CO^H, 
•CHyOHo-CO,!!, 'CHICH-COJI, •CIIiOH-NOo, •CiC-COJI, 
■CtHr,. At first sight, it would seem to be a novel conception to 
regard the groups -SOaH, •COJI, and ’NRaX a.s positive and 
•NHo as negative, and to find a difference between -COMe on the 
one hand and "OMe and ’CH^ on the other, but the author's notion 
is not based on any valency theories at all. The terms + and — 
are used to express the kind of antithesis or strain between the 
connected atoms. Thus, in any member of the above positive 
aeries, the atom which is attached to the benzene ring is positive; 

for example, Ph-NRj-dH, Ph-NO.,, Ph'COR, Ph-SOj-OH, 

.p _ ^ 

Ph'CO'OH. In the negative series, the connecting atom is 

negative, thus: Ph'OOIla, Ph'CHj, Ph-NH,>, Ph-OH. 

II. The Nature of the Ammonivm Salt Group, •NR 3 X. — In the 

following abstract it is shown that aromatic quaternary ammonium 
salts are difficult to bruininate or nitrate, but that the second sub- 
stituent goes to the we<o-position. The group 'NR^X therefore 
resembles the •NO 2 group. This is interesting in view of the fact 
that anilines and their alkyl and acyl derivatives, whicli give 
ortho- and para-derivatives when broininated or nitrated in acetic 
acid solution, yield meta-compounds if dissolved in an excess of 
concentrated sulphuric acid, for then they are acting as ammonium 
salts. Like the -CO, and 'CN groups, also, the 'NR^X group 

protects the benzene nucleus against oxidation and coupling; for 
example, when o-tolyltrimethylammonium sulphate is oxidised, it 
merely gives o-benzobetaine (this vol., i. ‘262). Unlike these groups, 
however, the 'NR^X radicle has no chromophoric properties, in 
spite of the fact that the production of perbromides, etc., shows it 
to he somewhat unsaturated. 

III. Nitration of Benzotrichlorlde and i^vt.-Butplhenzene .^ — 
Under conditions ^hich preclude the hydrolysis of benzotri- 
chloride, nitration gives a meta-compouiid (this vol., i, 263). This 
illustrates the difference between the ‘CH^ group, in which the 
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carbon is and the ‘CClj group, in which it is +. <crt.-Butyl. 
benzene, on the other hand, gives almost entirely a p-nitro-deriv- 
ative (this vol., i, 261). It is very difficult to chlorinate or oxidise 
there being apparently a steric hindrance against the occupation 
of the ortho-pcteition. 

IV. The Benzene Theory (compare A., 1902, ii, 250). — The 
carbon atoms in the benzene ring are also written alternately + 
and -- . If the ring bears a positive substituent like 'NOg, the 
formula may be expressed as in (I), if a negative substituent like 
•NHg, as in (II), in which the strong lines represent greater, and 
the weak lines lesser, tensions. 



H+ 

(I) 


KHj 

+Hv /i 

\/ + 

!. .! 

Y 

H+ 

(II.) 


This conception helps to explain why compounds of the first type 
are more stable than the others, and why the first give meta- 
derivatives with halogen or nitric and sulphuric acids, whilst the 
second give ortho- and para-compounds. Other problems are dis- 
cussed along the same lines, including the position occupied by a 
third substituent when (a) two positive, (6) two negative, and (c) 
one positive and one negative substituents are already present. 

J. C. W. 


Bromination and Nitration of Aromatic Quaternary 
Ammonium Salts. D. Vorlander and Ernst Siibeet (Bgr., 
1919, 52, [S], 283 — 307). — I. Bromhuxtion of Phenyltrimethyl- 
ammoniim Bromide. — This salt is prepared as follows: dimethyl- 
aniline is warmed with methyl sulphate and benzene, the hygro- 
scopic product, NMe;iPh*SO|Me, m. p. 71 — ^2^ (Ullmann, A., 
1903, i, 391), is dissolved in 20% hydrobromic acid and treated with 
bromine, and the tribromide so formed (Tafel, A., 1898, i, 519) is 
boiled with water and the solution evaporated. Phenyltrimethyl- 
ammoiiium bromide forms colourless crystals, m. p. 214°, and the 
corresponding picrate has m. p. 115®. Tafel did not succeed in 
brominating the salt (A., 1898, i, 471), but it is now found that 
reaction with bromine takes place at 70® in the presence of iron 
powder, the product being m-hromojphenyltrimethylammoninm 
hromkle, C^,H 4 Br*NMe 3 Br. This crystallises in stout prisms, m. p. 
236 — 238® (decomp.), combines with bromine to form an orange- 
red trihromide, in. p. 93 — 95®, and a yellow dihromidey m. p- 
120—122®, and may be converted into the corresponding iodide, 
colourless prisms, m. p, 202® (Wurster and Scheibe, A., 1879, 
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107 ), tri-iodide^ dark brown leaflets, m. p. 11(P, and yellow ficrate^ 
III. p. 151®. The iodide decomposes at 165®/ 13 mm. into 
^Ti-bromodimethylaniline which has m. p. 9 — 10®, b. p. 

135®/10 mm., 253 — ^254®/atm., and is characterised by its pcrate, 
hexagonal tablets or prisms, m. p, 134 — 138°, and by conversion 
into m-bromo-p-nitro3odimethylauiline, brownish-green needles, 
m. p. 116® (not 148® as given by Wurster and Scheibe). 

If the bromination is carried out at 100 — 120°, the product is 
y,i-dihromophenyltrimethylaminomum bromide, which crystallises 
as a mass of minute filaments, m. p. 180° (decomp.). The corre- 
sponding trihromide, CeH 3 Br 2 *NMe 3 *Brj, forms golden-yellow 
leaflets, m. p. 147 — 149° (decomp.); the iodide crystallises in almost 
white, glistening needles, m. p. 185° (decomp.), and the tri-'iodide 
forms brown leaflets, m. p. 136 — 138°. If the iodide is converted 
iuto the hydroxide, and this is distilled under reduced pressure, 
l A-dibromodimethylajiUine is formed. This crystallises in needles 
or hexagonal tablets, m. p. 68 — 70°, decomposes into a reddish- 
violet dye on distillation under ordinary pressures, and may also 
be obtained by brominatiug S-bromodimethylaniline or methyl- 
ating 3 :4-dibromoamlme. The base forms a characteristic 
pcraU, fiat, yellow needles, m. p. 142 — 146°, and a perbromide, 
m. p. 161 — 163° (decomp.), yields a mixture of products when 
treated with nitrous acid, incl’uding a golden-yellow nitro-com- 
pound, m. p. 131°, and may be converted into the above 3:4-di- 
bromophenyltrimethylammonium salts after treatment with methyl 
sulphate. 

For the sake of comparison, the unknown 3:5- and 3:6-dibromo- 
dimethylanilines have been prepared from the corresponding 
anilines by means of methyl sulphate. Zi^'Dihromodimethyl- 
aniline crystallises in large, white tablets, m. p. 77 — 79°, and forms 
a picrate, m. p. 151 — 153°, and Zib'dibromophenyltrimethyU 
ammonium tribromide may be precipitated by means of bromine 
and hydrobromic acid from the alkaline mother liquor obtained in 
the preparation as yellow leaflets, m. p. 149° (decomp.). 3:6-/>?- 
homodimethylaniline has ra. p. below —35°, b. p. 134—137°/ 
10 inm., forms a pale yellow picrate, m. p. 149°, and reacts with 
nitrous acid to give S:Q-dibromo7iitrosomethf/laniline, 
CeHsBvNMe-NO, 

in small, white needles, m. p. 86 — 87°. 3 -.Q-Dihromophenyltri- 

methylammonium tribromide forms golden-yellow leaflets, m. p. 
135—136° (decomp,). 

II. Nitration of Phenylirimethylammonium Nitrate. — The 
bromide is converted into the nitrate, m. p, 110 — 115°, by evapor- 
ating two or three times with dilute nitric acid. Nitration takes 
place when the salt is heated at 100° with fuming nitric acid for 
eight hours, the product being m-iutrophenyltriniethylammonium 
nitrate, which crystallises in colourless prisms, in. p. 220 — 240° 
(decomp.) (compare Tafel, loe. cU.). The corresponding pcrate 
ionns yellow tablets, m. p, 151 — 153°, the iodide hexagonal or 
T>arlratic tablets, decomp. 205°, and the tri-iodide dark brown 
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leaflets, m. p. 143 — 145® (decomp.). The iodide yields nj-nitro- 
dimethylaniline, m. p. 58—60®, when heated in a vacuum, the 
product being identical with one made by Ullmann’a method (A., 
1900, i, 619). The action of sodium nitrite on hydrochloric acid 
solutions of this base leads to different products, according to the 
concentration of the acid. In dilute acid, the product is m-nitro- 
nitrosomethylaniline, N02*C5H4‘NM6*N0, m. p. 76® (Noelting and 
Strieker, A., 1886, 544); from more concentrated solutions (acid 
with D 1‘1 — 1-2), the products also include 3:4- and 3:6-dinitro- 
dimethylanilines, m. p.’s 174 — 175® and 112° respectively. 

III. Nitration of o-Tolyltrimetkylammonium Nitrate. — ^Di- 
methyl-o-toluidine is methylated by means of methyl sulphate, the 
product is converted into the ammonium tribromide, and this is 
heated with dilute nitric acid. o-TolpUrimethylammomuin nitrate 
crystallises in quadratic leaflets, m. p. 175®; the corresponding 
■pir.mte has m. p. 112—114®, the inercnnchloride m. p. 192*5 
(decomp.), and the aurichloride m. p. 189®. The nitrate readily 
reacts with boiling nitric acid (D 1'51) to form h-nitra-o-tolylirU 
methylammoniam nitrate, NO^’CQH^Me^NMeg'NO^, in flat needles, 
m. p. 230 -235® (decomp.), which behave in a remarkable manner 
towards alkalis. When covered with 33% potassium hydroxide, the 
salt becomes bluish-green and then deep indigo-blue, changing to 
a reddish-violet solution on dilution, which gradually deposits 
brownish-red or green flocks. The corresponding picratt forms 
long, yellow needles, m. p. 202®, the mcrcurichloride long, white 
needles, m. p. 226® (decomp.), the aurichhride yellow leaflets, 
m. p. 200® (decomp.), the jiatinichloride orange-red needles and 
prisms, m. p. 233® (decomp.), and the iodkle golden-yellow needles, 
m, p. 195® (decomp.). The iodide decomposes when heated in a 
vacuum into 4-mtrodimethyl-o-toluidine, N02’C(jH3Me*NMe2, m. p. 
13'5 — 15®, b. p. 160®/16 mm.; hydrochloride, m. p. 197® (decomp.) 
(compare Gnehm and Blumer, A.. 1899, i, 266). When the 
ammonium hydroxide is evaporated in a flask and then heated, 
trimethylamine, formaldehyde, and other gases are evolved, and at 
170 — 180®/ 15 — 30 mm., w-nitrodimethylaniline distils into the 
receiver. 

IV. Nitration of m-ToIyltrimetkylammoriium Nitrate. — ro-Tolu- 
idine is converted in the above manner into ra-tolyltrime.ihyl- 
fimmonium nitrate, which forms prismatic crystals, m. p, 134°, the 
corresponding picrate having m. p. 108®. When boiled with 
fuming nitric acid, the salt yields A-nitrQ-m-t(dyUrme.thtfl- 
ammonium nitrate, white tablets, m. p. 195® (decomp.), the corre- 
sponding picrate having m. p. 205®, the iodide, m. p. 165° 
(decomp.), and the tri-iodide, crystalUsing in violet-brown needles, 
m. p. 140®. The iodide decomposes at 210®/U mm, into G-nitro- 
dimethyl-w-toluidine, which crystallises in dark yellow, flat, tn- 
clinic needles, m. p. 83®. This has been prepared also by methyl- 
ating 6-nitTo-7n-tolukline (made from m-toluidine or 7 rt-cresoI). and 
it corresponds with a nitrodunethyl-Tn-toluidine described by 
Wurster and Riedel (A., 1880, 109), 
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V. Ifitratipn of ^-TolyUrimethylammonium Nitrate. — Dimethyl- 
^toluidine is converted into ^totyltrimethylammomwnv tribromidej 
golden-yellow leaflets, m. p. 113 — >116®, and then into the nitrate^ 
white leaflets, m. p. 125®, and picrate, long, yellow needles, m. p. 
195 — 197®, by the usual means. 3-Nitro-^-tolylammonium nitrate 
crystallises in glistening, white scales, m. p. 205 — 220° (decomp-), 
the picrate in long, yellow needles, m. p. 203°, the tribromide in 
long, yellow prisms, m. p, 152® (decomp.), the iodide in pale 
yellow prisms, m. p. 195® (decinnp.), the tridodide in violetrbrown 
prisms, m. p. 126°, and the platinichloride forms orange-yellow 
crystals, m. p. 207® (decomp,), and the mercurichloride long, white, 
prismatic needles, m. p. 141®. The iodide decomposes at 160°/ 
12 mm. into 2-nitrodimethyl-p-toluidine, yellowish-red plates, m. p. 
38°, the picrate having m. p. 147°. The base reacts with nitrous 
acid to form 2'nitroaonitrosomethyl-p-toluidine, m. p. 57 — 59° 
(Pinnow, A., 1896, i, 161), and it may be obtained by methylating 
2-nitrO'p'toluidine or nitrating diniethyl-p-toluidine (Ilaibach, A., 
1902, i, 444; D.R.-P. 69188). .T. C. W. 


Oxidation of Secondary and Tertiary Aromatic Amines. 
XX. Ditertiary Hydrazines and Related Substances. 

HEiNnicH WiELAND {Bcr., 1919, 52, [ii], 886 — 893). — Although 
the explanation of the mechanism of the blue colour reaction of 
diphenylamine advanced by Kehrmann and Micewicz (A., 1912, 
i, 1020), and Wieland (A., 1913, i, 1386), has been generally 
accepted, certain details have been criticised by Marqueyrol and 
Muraour (A., 1914, i, 577). Thus, the removal of the imino- 
hydrogen atom by oxidation of the free base has been attributed 
by Wieland to the unsaturated nature of tervalent nitrogen ; when 
this becomes saturated, as by salt formation, the oxidising ageut 
appears to attack the benzeu© nucleus. Under similar conditions, 
however, the French chemists found diphenylamine to be appar- 
ently less readily oxidised in concentrated than in dilute acid 
solution; this is now shown to be due, however, to the consumption 
of the oxidising agent by side-reactions caused by the concentrated 
acid. 

Diphenylmethylamine is readily oxidised to a carmine-red dye, 
which is reduced to '^W-diphenyl-liiW-dimethylhenzidine^ colour- 
less, silky needles, m, p. 171®. Biphenylmethylmnlnemlphonic 
(tcid is formed as a by-product of the methylation of diphenylamine 
with methyl sulphate; the sodium salt was analysed. The 
mechanism of the oxidation of salts of tertiary amines is also dis- 
cussed, and it is suggested that the first stage of the process consists 
in the removal of the hydrogen atoms introduced with the acid, and 
that this is followed by oxidation of the przra-hydrogen atoms ; the 
first phase is then analogous to the formation of dianthrone from, 
anlhianol. The explanation is not, however, valid for triphenyl- 
.imioe, for which the primary addition of oxygen or hydroxyl is 

assiiniv.d, H. ^ . 
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Ditertiary Hydrazines. XXI. Chlorotriarylmethanes 
and Diarylamines. Hkhjrich Wirland, Boris Doigow, and 
Talbot J. Albert (Ber., 1919, 52, [B], 893 — 898). — It has been 
previously shown that the dissociation products of ditertiary hydr- 
azines unite with triphenyhnethyl to yield triphenylmethyldiaryl- 
arnines; attempts are now described to obtain these substances by 
the action of chlorotriphenylmethane on diarylamines. In 
general, however, derivatives of tetraphenylmethane are obtained, 
the formation of which is due to the transformation of the triaryl- 
methyldiarylamines under the experimental conditions adopted: 
CPhs-NPh^ ^ CPhvCjH.-NHPh. 

•p-AniUnotetraphenijImethane., slender needles, m. p. 242°, after 
previous softening, is prepared by heating triphenylmethyl chloride 
and diphenylamine in benzene solution; it is oxidised by chromic 
acid in glacial acetic acid solution to a benzidine dye, and yields 
a triiromo-derivative, m. p. 214 — 215*^. It can also be prepared 
by heating A'-triphenylmethyldiphenylamine with diphenylamine 
hydrochloride in the presence of benzene, or by protracted heating 
of the first-named substance in glacial acetic acid solution. The 
action of chlorotriphenylmethane on /i-ditolylamine, or the trans- 
formation of jV-triphenylmethylditolylamine, leads to the formation 
of a substance, m. p. 217 — 218°, which probably has the constitu- 
tion CHPh,'Cf,H 4 -N(C 5 H 4 Me) 2 . A similarly constituted compound, 
slender, colourless needles, ni. p. 197 — 199°, is obtained from 
chlorotriphenylmethane and p-dianisylamine, Reaction between 
p-tetramethyldiaminodiphenylamine and chlorotriphenylmethane 
is of particular interest, since, in this instance, the primary product 
can be isolated, and is identical in all respects with that obtained 
from triphenylmethyl and the radicle N(C 8 Hj'NMe 2 )j (Wieland, A.. 
1915, i, 848); as by-product, the additive compound, 
CPh3-NCl-C„H,Me.yNH-C6H,-NMe,, 
is formed, which decomposes into indamine and triphenylmethane. 

H. W. 

The Nitro-derivatives of Phenyl-;8-naphthylainme. Hugh 
Ryan and James J. Drumm (Proc. Roy. Irish Acad., 1918, 
34, [B], (8), 165 — 174). — Amongst the compounds proposed for 
use as stabilisers for nitrocellulose powders is phenylaceto-iS- 
naphthalide. The nature of its action has not hitherto been in- 
vestigated , Since it seemed likely that the stabilising action is due 
to its power of combining with nitrous and nitric acids, its reaction 
with these substances was examined. 

Nitrogen peroxide, from lead nitrate, has apparently no action 
on phenylaceto-jS-naphthalide in dry ethereal solution. In presence 
of moist ether, hydrolysis and nitration occur. Phenyl-B-naphthyl- 
amlne and a niononitrophenyl-B-naphthylamine, colourless, cubical 
crystals from xyleue, m, p. 119 — 120°, are formed. The orienta- 
tion of the mononitro-derivative was not determined. It was 
also obtained from the stabiliser and cold concentrated nitric acid. 
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In alcoholic solutioHj the stabiliser slowly forms two trihitro- 
compounds, m. p. 242® and 179° respectively. The same com- 
pounds are produced when a mixture of amyl nitrite, nitric acid 
^1^6 molecules), and the stabiliser in glacial acetic acid is allowed 
to remain. TJnder similar conditions, in the absence of amyl 
nitrite,' no action occurs. The trinitro-compound, m. p. 179°, is 
also obtained when phenyl-j3-naphthylamine in glacial acetic acid 
is treated with a large excess of nitric acid. It forms orange 
crystals from glacial acetic acid. The yellow tririitro-compound, 
ra. p. 242°, is also formed when phenyl-^naphthylnitrosoamine 
reacts with nitric acid in glacial acetic acid, and is identical with 
2' :4^-dimtropheuyl-l'nitro-2-naphthylamine, which was prepared 
by Goldberg's method (A,, 1908, i, 288) from chloro-2 : 4-dinitro- 
benzene and l-nitro-2-naphthylamine. 

The authors have also prepared the following substances by the 
Goldberg reaction in hot nitrobenzene : 

'^-Nitrophenyl-^-rui'phthylaminc (from /8-naphthylamine and 
//•bromonitrobenzene) forms yellow, matted, acicular crystals from 
benzene, m. p. 283 — 284°, which give a bluish-violet coloration with 
concentrated sulphuric acid. 

rhenyl-1-nitro-^-rnj.phthylamine (from bromobenzene and 1-nitro- 
(B-naphthylamine) forms deep red prisms from alcohol, m. p. 
105 — 106°. Its solution in cold sulphuric acid has a deep red 
colour. 

l*Chloro-2;4-dmitrobenzene apd /3-naphthylamine yield a com- 
jxnmd, red prisms, m. p. 170 — 171°. Other compounds prepared 
in the course of this work are: a trinitro-derivative of phenyl-j8- 
naphthylamine, melting and decomposing at 210°, and a dinitro- 
derivative, brown prisms, melting and decomposing at 170 — 180°. 

F. C. 


ImproTements in the Manufacture of Nitrophenols . 

David Baird Macdonald and Jackson Calvert (Brit. Pat., 
126062 and 126084). — The formation of 2 :4-dinitropheuol in the 
nitration of benzene with nitric acid in presence of mercuric nitrate 
is greatly facilitated by passing carbon dioxide either into the 
reaction mixture or through the benzene or nitric acid contained 
in a separate vessel, the mixed vapours then being led into the 
mixture of nitric acid and mercuric nitrate in the former case, or 
of benzene and mercuric nitrate, together with a small portion of 
the nitric acid, in the latter- The reaction is allowed to proceed 
for about six hours at 40 — 50°, and commercially pure dinitro- 
plienol may be isolated from the reaction mixture by simply 
volatilising the more volatile constituents. 

According to the second patent, air or oxygen, or a mixture of 
air and oxygen with or without carbon dioxide, may be substi- 
tuted for the carbon dioxide there employed with similar results. 
[See, further, J. Soc. Che7n. Ind., 1919, 406a.] G. F. M. 
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Pinabietic Acid, a Resin Acid from the Sulphate 
Cellulose Liquors. Ossian Aschas end K. E. Eebolh {Finska 
Kem. Medd., 1918, pp. 8; from Chem. Zentr., 1919, i, 285—286). 
— Pinabietic add, shining needles, m. p. 176 — 178°, has 

been isolated from the resin acids of the “black liquor” of the 
sulphate cellulose factories. When dissolved in a mixture of 
chloroform and acetic anhydride, the acid yields, on addition of a 
little concentrated sulphuric acid, a purplish-red coloration which 
passes through violet and blue into black. With hydrochloric acid 
and ferric chloride, the coloration is violet-blue. The residue 
obtained after evaporation with nitric acid becomes orange-yellow 
on addition of ammonia, instead of violet as with abietic acid. 
The speciBc rotation depends greatly on the solvent, the acid being 
dextrorotatory when dissolved in aromatic hydrocarbons, but laevo- 
rotatory in solution in aliphatic hydrocarbons. H. W. 

Catalytic Racemisation of Ethyl i-Mandelate. Alex. 
McKenzie and Henhv When (T., 1919, 115, 602 — 613). 


The Bromination and Bromine Derivatives of Certain 
8-Ketonic Esters. E. P. Kohler and H. Gilman (J. Amer, Chem. 
5oc., 1919, 41, 683 — 692). — The course of the bromination of 
methyl y-benzoyl-i3-phenyl-oo-dimethylbutyrate, 
CHjBz-CHPh-CMej-COjMe, 

is found to depend on the temperature, the solvent, and the rate 
at which the bromine is added, the bromo-ester, saturated 
y-lactones, and an unsaturated y-lactone being formed. 

y-Benzoyl-jS phenyl-ao-dimethylbutyric acid is obtained by boil- 
ing together benzene, phenyl styryl ketone, and ethyl a-bromoiso- 
butyrate with some zinc suspended in the liquid in a copper cage, 
and hydrolysing the product by methyl-alcoholic-aqueous sodium 
hydroxide. It has m. p. 159°, and forms an oxime, m. p. 184'5°. 
The methyl ester, m. p. 92°, b. p. 200°/25 mm., is formed in the 
usual way from the acid (compare A., 1911, i, 863). When the 
ester, dissolved in chloroform, is slowly treated with bromine in 
the cold, the chief product is methyl y-bromo-y-benzoyl-iS-phenyl- 
oa-dimethylbutyrate, m. p. 126° [ibid., 864). If the temperature 
is raised or the chloroform is removed by distillation instead of 
evaporation in a current of dry air, methyl bromide is lost, and two 
stereoisomeric, saturated y-lactones are formed [ibid.), whilst a 
crotonolactone is produced if the reaction is carried out in methyl 
alcohol or the bromine is added rapidly, thus ; 


OHBzBr-CHPh'CMe^'COjMe 

CHPh-CHBz ^ ^PhlCBx 

CMcj CO'^ ^ CMej-OCr 

The original acid is easily converted into the S-lactone [ibid., 
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863), by dissolving it in acetic anhydride 

containing a few drops of concentrated sulphuric acid. This 
lactone reacts with bromine in carbon tetrachloride to form an 
unstable dibromide which decomposes into the above bromo-ester 
and a saturated y-lactone in methyl alcohol, but if bromination is 
carried out in methyl alcohol, an isomeric hromo-ester, m. p. 172°, 
js formed. The two esters both yield the y-lactone, m. p. 115°, 
when left with methyl-alcoholic hydrogen bromide, but they 
behave differently on heating. The one with m. p. 125° decomposes 
at about 130° into the unbrominated ester, m, p. 92°, the corre- 
sponding acid, the y-lactone, m. p. 115°, and the crotonolactone. 
The isomeride, m. p. 172°, decomposes at about 180° into benzoyl 
bromide, a small amount of the crotonolactone, and much un- 
crystallisable oil. 

The above y-henzoyl-^-phenf/l-aa.-dimethylcrotonolactone is 
obtained in pale yellow needles, m. p. 117°, by heating the original 
acid with bromine in carbon tetrachloride solution. The reaction 
proceeds briskly at first, but the final stage requires several hours, 
and it obviously follows a similar course to the bromination of 
the ester (above). The lactone may be reduced to the original 
acid by means of zinc and acetic acid. It gives a deep yellow 
solution in alcoholic potassium hydroxide, which deposits a yellow 
solid on acidifying, and this soon fades and produces the lactone 
again. With alcoholic hydrogen chloride, the lactone forms ethyl 
YhetO'y'henzoyl-B-pkenyl-aa'divicihylhutyrate.y 
COPh-CO-CHPh-CMvCOgEt, 

which crystallises in yellow needles, m. p. 93°, and may be hydro- 
lysed to the free acid, m. p, 145°. Tne dioxime of this, m. p. 
186°, is formed when the lactone is boiled with hydroxylamine 
tydrochloricle and barium carbonate in alcohol. J. C. W. 


Statics and Dynamics of the two Pbthalyl Chlorides. 

WiLUELM CsANYi {MonaUh., 1919, 40, 81—92). — Phthalyl 

chloride exists in two tautomeric modifications, a solid and a liquid. 
The equilibrium* in the melt is toward the side of the lower melting 
modification, and can only be reached from this side. The solid 
modification is the stable one. The equilibrium is independent of 
the temperature, hence the heat change accompanying the change 
from one modification to the other must be very small or zero. 
The equilibrium is set up extremely slowly at low temperatures, but 
with increase in temperature the velocity of the change to the 
stable form increases rapidly, so that at the boiling point it is 
almost instantaneous. The mean temperature-coefficient of the 
transition velocity is 1’6 for 10°. The velocity of the change was 
determined at 130°, the amount changed at measured intervals 
being deduced from the melting point of the mixture. It is 
shown that the reaction is unimolecular, and the velocity constant 
has the value 0'036. The natural melting point of the system, is 
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practically identical with the melting point of the lower melting 
modification. An eutectic is formed at 8 °, and consists of 23 
parts of the higher melting variety to 77 parts of the lower melting 
variety. J. F. S. 

Constitution of Aliphatic y-Ketonic Acids and the 
Aromatic o-Aldehydo- and o-Ketonic-carboxylic Acids and 
their Derivatives. Kabl von Apwees and Anna Heinze {Ber., 
1919, 62, [£], 584 — 601). — Some new examples of the application of 
optical measurements to the determination of chemical constitution, 

Lffivulic acid, h. p. 153°/14 mm., gives the following values; 
iE5„-0'03, A'Su-O'Ol, £!2^.a + 2%, FJS^_„ + 1%, calculated for the 
usual formula CIIj'CO-CH^'CHj-COjH. Its acetyl derivative, m. p. 
78°, gives values which agree with the isomeric y-lactone structure, 
F;S, + 0-15, A' 2 d + 016, £ 2 ^ . + 4%, B 2 ,_„ + 0 %, that is, it is really 

y-acetoxyvalerolactone, OAc'CMe<^Q|^^ 

The phthalides show considerable exaltations, thus : phthalide 
itself, m. p. 73°, B 2 „ + 0-64, £2,>+0-67, £2«-„ + 27%; a-chloro- 
phthalide, from o phthalaldehydic acid and thionyl chloride, m, p, 61” 
£2, +0 57, B2i, + 0'58 ; diethylphthalide, m. p. 54°, b. p, 158°/17 mm, 
(Bauer, A., 1904, i, 417), i:2„ + 0-51, £2i, + 0’56, B2,., +25%. The 
optical properties of the i^-estei-s of o-aldehydo- or o-keto-acids agree 
with those of the phthalides, whilst the normal esters compare with 
the parent aldehyde or ketones. The ifr-esters are, therefore, phthalides, 
as Egerer and Meyer assumed (A., 1913, i, 269), Methyl o-aldehydo- 
benzoate, m. p. 97°, has E2„ + 0'75, £2i> + 0'77, £?2,i.„ + 37%, 
J52,_a + 41% (benzaldehyde : +0 99, +1'02, +4,5%, +49%), and the 

^.ester, a-mcthoxyphthalide, CO<CS^]>CH*OMe, m. p. 46—47”, 

h. p, 145'5 — 146°/12 mm., compares with the above phthalides; 
£2, + 0-48, £2 d + 0-48, £ 23 ., + 22%, £2,_, + 22%. o-Propionyl- 
benzoic acid, ra. p. 93°, gives values which suggest that in the molten 
state the acid contains some of the isomeric hydroxyethylphthalide ; 
£2„ +0'52, £2 d + 0'53, E2 „_, + 22%. The methyl ester, 
COEt-OjHj-COjMe, 

from the silver salt and methyl iodide, b. p. 157 — 158°/19 mm,, gives 
the values S2„ + 0’.53, E2„ + 0-5.5, E2„^. + 26%, £2,_„ + 29%, which 
compare with those of propiophenone, +0-43, +0'48, +29%, +31%, 
whereas the i|(-ester, prepared by the action of the alcohol and 
sulphuric acid, is really a-methoxy-a-ethylphthalide, b, p. 157°/17 mui„ 
£2„ + 0'53, E2n + 0-56, £2^.^ + 25%, + 26%. Methyl o-benzoyl- 

benzoate, m. p, 52°, £2. + 0-90, B2 d + 0-9.5, E2^_„ + 40%, B2,_„ + 45% 
and the ethyl ester, m. p. 58°, £2, + I'OO, £2ii + 1-06, +39% 

compare with benzophenone, £2„+0-9,S, £2d + 1'09, £2,j^„ + 41% 
whilst the if-ester, m. p. 56°, £2, + 0'52, E2d + 0'57, £ 2 ,)_, + 23%, 
£2,_„ + 23%, is really a-cthoxy-a-phenylphthalide. 

Ethyl hydrogen fumarate, m. p. 70”, £2a + l-04, £ 2 i, + 1'63i 
£ 2 ^_„ + 34% shows greater exaltations than the normal ester, 
E2„ + 0'64, £2u + 0'67, £2;,-. + 25%, whereas the reverse is the case 
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with the phthalates ; ethyl hydrogen phthalate, +0'42 El +0'11 

+ ®S„+“0^58X^:t2^]’ 

Methyl phthalate whether prepared from the silver salt and methyl 
iodide, from the chloride and sodium methoxide or from the anhydride 
Mmhoh and hydrogen^cMoride, has the values B2. + 0-66, £2„ + 0-57’ 

tomparing ,^-esters with the normal esters, it appears that their 
tolling pomte are very close together, but that ,/,-esters have the 
higher densities and lower refractive indices. For the details of 
densities and refractive indices, the original should be consulted. 

J. C. W. 


The Constitution of the TruxilUc Acids and of Truxone. 

COiH-cH'CHPh ^HPh-CH'Wtl assigned to 

a- and Atruxillic acids. Whilst, however, the latter may be 
regarded as well ^tablished. the former is not so definitely proved 
and depends chiefly on the determination of the molecular weight 
of the amyl ester, the failure to obtain benzil by oxidation, the 
formation of an abnormal polymeric anhydride which does not give 
a fluorescein, and the conversion into truxone. The molecular 
weight of the latter has not been directly determined, and its 
formulation is deduced from its relationship to truxene truxene- 
qumone, and dihydrotruxone. Truxenequinone has, ’ however 
been shown to be identical with tribenzoylenebenzene, 
and since It 13 readily formed by the o.xidation of truxene, it selms 
very probable that the latter is tribenzylenebcnzene, and 

that truxone has therefore the molecular formula Co-H.'.O,. Its 
formation from a number of substances, however, sfcws that the 
molecule of a truxillic acid cannot contain more than eighteen 
carbon atoiM, and this is supported by evidence from the mole- 
cular weights of ethyl dibromo-o-truxillate and ethyl hexachloro- 
a truxillate. 


further insight into the depolymerisation of the 
truxillic acids, the author has reinvestigated their action towards 
sulphuric acid ; it is found that only the o-acid undergoes depoly- 
merisation with formation of truxone, and that the latter is not 
directly produced from a-truxillic acid, but is formed by the action 
0 e sulphuric acid on the trann- or cis-ciunamic acid which is 
the primary product of the change. The only positive evidence 
m favour of the usual formula for a-triixillic acid is thereby greatly 
discounted, and it appears possible to the author that the a- and 
^acids are structurally identical, and therefore stereoisomerides, 
/fvT* be’ng due to the relative positions 

M ttie phenyl and carboxyl groups with respect to the plane of the 
car on irug. Support for this hypothesis is deduced from a 
may of the absorption curves of a- and P-truxillic acids, which 

^ closely similar than those of the stereo- 

somenc cinnamic acids. . H W 
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The Addition of Nitroznethane to Uneaturated Biters. 

E. P. Kohler and H. Engelbbecht {J. Ayntr. Chem. Soc.y 1919^ 
41, 764 — 770). — The experiments on the interaction of alcoholic 
sodionitromethane and unsaturated ketones (A., 1916, i, 404) have 
now been extended to a^-unsaturated esters. Deep orange or red 
solutions are obtained which, on acidification, yield red oils which 
do not crystallise and cannot be purified by distillation in a 
vacuum. Similar results are obtained when the condensation takes 
place in presence of small araouni^ of feebly basic reagents, such 
as sodamide, piperidine, potassium acetate, etc. These red oils 
are insoluble in sodium carbonate, and tbeir colour is not affected 
on acidification. They may be heterocyclic compounds formed by 
elimination of sodium methoxide from the metallic derivatives. 
Thus, in the case of dimethyl benzylidenemalonate, 

CHPh CH-COjMe . CHPh CH-COaMe 

OH:NO- ONa MeO-CO CH:N0-0-C0 +NaOMe, 

It was finally shown that, in order to isolate the additive product 
of nitromethane and to avoid the formation of these red oils, the 
experiments should be made in dry methyl-aleoholic solution in 
presence of sodium methoxide, the mixture immediately neutralised 
with a little glacial acetic acid, and saturated with hydrogen 
chloride. Under these conditions, dimethyl benzylidenemalonate 
gives methyl y-nitro-^phenylethylmalonate, 

NOj-CHj-CHPh-CH (CO.jM6)2, 

stout prisms, m. p. 63°, which is identical with the additive pro- 
duct of methyl sodiomalonate and 0-nitrostyrene ; this is an ex- 
ample of a new type of reaction, which is being further investi- 
gated. With alkalis, this substance is decomposed, whilst boiling 
hydrochloric acid yields phenylsuccinic acid. Bromine in carbon 
tetrachloride gives a monobromo-derivative, m. p. 158°. 

The additive product of nitromethane and dimethyl cinnamyl- 
idenemalonate, CHPh:cn-Cn(Cnj-N 0 j)-CH(C 02 Me),, can also 
be obtained in benzene solution with a yield of 65%. In methyl 
alcohol, the yield is 87%. The nitro-ester crystallises in square 
plates, m. p. 74 — 75°. 

The authors have prepared esters of benzoylacrylic acid by 
brominating esters of benzoylpropionic acid, and subsequently 
eliminating hydrogen bromide. Methyl bemoylacrylaU wja 
obtained in 92% yield as a yellow oil, b. p. 191° at 40 mm., and 
solidifying at 32°. 

Methyl /3-nitro-a-phenacylpropionate, 

C0Ph-CH,-CH(CH,2-N02)-C02Me, 

melts at 57°. 

Two formula are possible for a substance of this type, because 
the ethylenic linking in the ester of benzoylacrylic acid is con- 
jugated both with the carbonyl and with the carboxyl group. 
The foregoing constitution assigned to it is supported by the fact 
that when sodiomalonic esters combine with methyl benzoylacrylate, 
the sodium atom becomes attached to the carbon atom furthest 
from the carboxyalkyl group. 
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With boiling hydrochloric acid it yields ben^oylpropionic acid. 
Bromine in chloroform gives rise to two isomeric monobromo-deriv- 
atives, separable owing to their differing solubility in cold methyl 
alcohol. The sparingly soluble one crystallises in plates, m. p. 
j25*^. The other forms needles, m. p. F. C. 

Bile Acids. V. Martin Schenck (Zeitsch. physiol. Ghent., 
1919, 104, 284—292. Cftmpar© A., 1914, i, 487).— The 

fsodioxime of bilianic acid when heated with 20% hydrochloric 
acid yields a substance, isolated by means of its copper salt, which 
crystallises in white needles decompceing at 228 — 230°. It is 
believed that this product is aminocarhoxyhUianic acid isooxime, 
C94H38OJN2, formed by the opening of only on© of the two lactam 
rings present in bilianic acid- Such an acid should contain four 
carboxyl groups, three of which were present in bilianic acid, but 
only three were titratable by direct means. It is considered that 
the fourth is protected by the adjacent amino-group, since an 
increased titration value was obtained after treatment with form- 
aldehyde by the technique of Sorensen. Cholic acid oxime, 
C24H57O7N, begins to decompose at 160°. The oxime treated with 
strong sulphuric acid on the water-bath gave the i.?ooxime, 
C.,4H3707N, long, hexagonal needles, decomp. 273 — 275°. By the 
action of hydrochloric acid on the wooxime, a substance, C24H39O8N, 
was obtained in rhombohedra, m. p. 194 — 195°. This is apparently 
miaocarboxyckoUc acid. After melting, it sets again, and finally 
decomposes at 274 — 275°, the decomposition point of the wooxime. 
These experiments support the work of Borsche and Rosenkranz 
(this vol., i, 276) on the structural relationship between bilianic 
acid and cholic acid.' J. C. B. 

Attempted Synthesis of Fisetol. Adoi.p Sonx (Ber,, 1919, 
52, [5], 923 — 928). — The synthesis of fisetol (w-hydroxy- 

resacetophenoiie) has been attempted by several methods, which, 
however, have nob been completely successful (compare Tambor 
and Du Bois, A., 1918, i, 395). 

Chloroacetonitrile and resorcinol monomethyl ether react in 
ethereal solution under the influence of zinc chloride and dry 
hydrogen chloride to yield the 2-methyl and 4-jTiethyl ether of 
u-chlororesacetophenone, which are separated by taking advantage 
of the volatility of the latter with steam ; the former has m. p. 
I73_1740 (uncorr.). Similarly, bromoacetoiiitrile and resorcinol 
dimethyl ether yield (a-broTrwacetoresorcinol dimethyl ether, m. p. 
102—104° after previous softening, which is probably converted by 
potassium acetate into the corresponding acetate, prisms, m. p. 
^5^. Resorcinol and broraoacetonitrile yield a yroduci, m. p. 127° 
after softening, but, as in the case of the dimethyl ether, the 
analytical results point to a partial displacement of bromine during 
the condensation . m~Phenoxyre^aceiophenone, 
C6Hs(OH)2-CO-CH2*OPh, 

iormg coarse, shining plat^, has m. p. 204—205° after softening at 
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200° (attempts to remove the phenyl group were unsuccessful) ; its 
dimethyl ether forms thin prisms or needles, m. p. 115° after 
previous softening. a-Ethoxyremcetophenone has m. p. 136 — 137° 
after softening; its diethyl ether ^ coarse prisms, and dimethyl ether ^ 
irregular plates, have m. p.’s 66° and 56 — 57° respectively. 

H. W. 

The Preparation of /S-Aminopropiophenone. William J. 
Hale and Edgar C. Britton {J. Amer. Ghem. Soc., 1919, 41^ 
841 — 847). — Amino-derivatives of ketones cannot be satisfactorily 
prepared by the action of ammonia on the corresponding halogen 
derivatives owing to the further substitution of the hydrogen of 
the ammonia. Amides of ketonic acids behave abnormally in the 
Hofmann reaction, and give rise to internal condensation products 
(compare Biedermann, A., 1892, 471). 

Gabriel prepared /3-aminopropiophenone from p-bromopropyb 
phthalimide. This was converted into the corresponding alcohol, 
acid, and acid chloride, which by the Friedel and Craft reaction 
and subsequent hydrolysis yielded the desired product (A., 1908, 
i, 181). 

The author has prepared /3-phthaliminopropionic acid from the 
tsoamyl ester of |3-chloro- or iodo-propionic acid. The yield, how- 
ever, was only 40%. In order to avoid the formation of substituted 
phthalamic acids, the hydrolysis is effected with 40% hydrobromic 
acid instead of sodium hydroxide. The method finally adopted is 
indicated by the scheme 0-iodopropionic acid — > 8-iodopropionyl 
chloride — > j8-iodopropiophcnone — >■ 8-phthaliminopropiophen- 
one — > 0-aminopropiophenone. The yields in the last stages are 
90%, 68%, and 95%. 

The 8-chIoro-derivative of propionic acid may also be used, but 
its preparation is leas easy than that of the iodo-derivative. 
lioAmyl R ehUropropionate is miscible with most organic solvents 
except light petroleum, and boils at 207 — 208°/740 mm. The 
corresponding ?Wo-compound has b. p. 183°/140 mm. (slight 
decomp, y isoAmyl B-phlh(diminopn>piomte,-m. p. 61°, was obtained 
in a 70% yield from either of the two foregoing compounds. 

j8-Chloropropionhenone decomposes on distillation in a vacuum 
into hydrogen chloride and phenyl vinyl ketone. 

B-Iodopropiopkenone^ m. p. 61°. is insoluble in water and 
crystallises from alcohol. The acid chloride of |3-iodopropionic acid, 
is exceedingly irritating to the eyes, and readily decomposes on 
distillation. 

A New Synthesis of Styryl Methyl Ketone. G. Langlois 
(Compt. rend., 1919, 168, 1052— 1054).— Acetyl chloride reacts 
with styrene in the presence of stannic chloride to give 8-chloro- 
jS-phenylethyl methyl ketone, which, on the addition of diethy 
aniline, loses the elements of hydrogen chloride, giving story! 
methyl ketone. _ ^ tn 

Constitution of Hydroxy- and Hydroxylamino-anthra- 

quinone Salts. R. Scholl (Ber., 1919, 62, [B], 56o-y-567). m 
part, a denial of Baudisch's claim to priority (this voi., i, 211). 
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When a solution- of l-hydroxylaminoanthraqiiinone in alcohol is 
mixed with about two equivalents of sodium ethoxide and left in 
an atmosphere of nitrogen, a green mwho-sodium salt is deposited. 
This shows that the compound behaves as a benzenoid structure (I) 
rather than in the isomeric form (II), which would give a disodium 
salt. 

NH-OH 

I j C,h/ I II 

{!■) (11.) 

J, c. w. 


Cyclic Compounds fromAntliraquinone-l-sulphonicAcid. 

Fritz Ullmann and Paul Kertesz {Ber., 1919, 52, [5], 
545—558). — Anthraquinone is sulphonated in the presence of 
mercury, and the potassium anthraquinone-l-sulphonate (Iljinsky, 
A., 1904, i, 176; Schmidt, ibid., 256) is heated with a mixture of 
phosphorus pentachloride and oxychloride at 120°. Anthraquin- 
(ine-l-sidphonyl chloride (compare MacHoul, Diss., Freiburg, 1880) 
crystallises from nitrobenzene or toluene in golden-yellow prisms, 
m. p. 218° (corr.), changes into 1-chloroanthraquinone when kept 
at 220°, and is hydrolysed by boiling water to anthraquinone-l- 
tiilphordc acid. This forms colourless leaflets, m. p. 214° (corr.), 
and yields a barinm salt, insoluble, white needles, a calcium salt, 
soluble in boiling water, a golden-yellow lead salt, crystallising 
from boiling water, a hydrazine salt, N 2 H 4 (Ci 4 H 805 S) 2 , and an 
aniline salt, pale yellow needles, m. p; 291°, (The aniline salt of 
anthraquinone-2-sulphonic acid is silvery-white 
NH and has m. p, 314°.) 

/\ The reactions of the sulphonyl chloride with 
N SOj various bases are described. Hydrazine hydrate 

g I reacts at 30° to give the anhydride of anthraqmn- 

,, ys i one-l-mlphonhydrazide (annexed formula), which 
I Y ^ crystallises from aniline or nitrobenzene as a yellow 
i i I J powder, and yields a sodium salt, yellow leaflets, 

a silver salt, pale yellow leaflets, a methyl deriv- 
ative (with methyl sulphate), silvery leaflets, 
ilecomp. 239°, and an acetyl derivative, pale yellow needles, m. p. 
237 ° (decomp.). Ammonia gives the anhydride of \-anthraquin- 
onesulphonamide (annexed formula), which 
N — SOj crystallises from pyridine or nitrobenzene in pale 
(7 I yellow, felted needles, m, p. 321“ (corr.). Aniline 
/y yy y'y givcs anthraquimne-VsulphonitnUuie, golden-yellow 
j / I I needles from toluene, m. p. 216° (corr.), and 

methylaniline yields ant^aqtiinoiie-l-suiphon- 

CO meihylanilide, CjHj-xpl^CjHj-SO^'NMePh, pale 


A/X/X 

'v'JJ 

CO 


yellow leaflets, m. p. 206®» 
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On nitraticm, the potassium salt of anthraquinone-l-sulphonic 
acid gives a mixture of 5- and S-nitroantliraquinone-l-sulplionic 
acids. The former separates directly from the hot nitrating mix- 
ture, whilst the latter crystallises slowly when the filtrate is kept 
(compare Schmidt, loc. cit.). 5-Nitroanthraqumoue-l-sulphonic 
acid forms a golden-yellow 'potassium- salt, a white barium salt, 
and a s-ulphonyl chloride^ yellow needles, m. p. 277° (corr.), whick 
reacts with ammonia to give the anhydride of h-nitroanthraquin- 
one-l-sulphonamide, this crystallising from nitrobenzene in pale 
brown needles, m. p. 425°, and yielding the corresponding b-amino- 
compound, dark violet leaflets, on reduction with alkaline" hypo- 
sulphite. 8-Nitroanthraquinone-l-sulphonic acid forms a potasshtu 
salt-, twice as soluble as the isomeride, and a sulphonyl chloride^ 
yellow needles, m. p. 245°, which yields the anhydride of S-nitn- 
anthraguinone-l-sulphonamide, m. p. 314° (corr.). The nitro- 
compounds may be reduced by means of potassium sulphide; 
potassium 5- and S-aminoanthraquinone-l-sulphonates crystallise 
in violet needles, the S-isomeride being the more soluble. The 
constitution and purity of the nitrated acids were elucidated by 
boiling them with hydrochloric acid and sodium chlorate, whereby 
they yielded X-chloro-^-nitroanthraquin-one, yellow, felted needles, 
m. p. 314° (corr.) (convertible into the known l-nitro-5-amino- 
anthraquinone), and X-chloro-^-nitToanihraquinoney m. p. 263° 
(corr.). C. W, 

Reduction Products o£ Hydroxymethylenecamphor. II. 
Mecbanism of the Hydrogenation of Hydroxymethylene- 
camphor with Hydrogen and Nickel. Hans Rnws and ARinsa 
Akermann Ohiin. -Icta, 1919, 2, 205 — 221. Compare this 

voL, i, 29).— The hydrogenation of hydroxymethylenecamphor ia 
the presence of a specially prepared nickel catalyst can be made 
use of in a study of the kinetics of such reactions, and a series of 
experiments with this aim are now described. A graphic repre- 
sentation of the hydrogen absorbed from time to time shows that 
the curves are nearly hyperbolic when the abscissae, ac, are taker 
from the values, time x weight of catalyst/initial weight of hydi- 
oxymethylenecamphor, and the ordinates, y, are the percentages 
of hydrogen absorbed, calculated on the theoretical requirement. 
These curves are treat^ mathematically, and, after making correc- 
tions for probable disturbing factors, such as secondary reactioiis 
caused by nickel compounds, it appears that the mam reaction is 
a bimolecular one. That is, not only does the quantity of hydr- 
oxymethylenecaraphor fall off, but the amount of hydrogen trans- 
ferred as well, or, in other words, the catalyst continually decreases 
in activity. This explains why such a large quantity of nickel is 
required in this case to achieve a rapid and complete reduction. 

In this reduction, as in so many similar cases, much more 
hydrogen is absorljed than is theoretically required, but, as a 
matter of fact, the reduction is actually complete when only abou 
80—90% of the required volume of gas has disappeared. Tb‘s ® 
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not due to experimental errors, but chiefly to the activation of the 
water by tile nickel. J. C. W. 


Redaction Prodncta of Hydrozymethylenecamphor. HI. 
Rew Reactions of Methylenecamphor. Ham Rufk and 
AaTBOB Akebeahn {Helv. Chim. Acta, 1919, 2, 221 — 233. Com- 
pare this vol., i, 29). — When camphyloatbinol is warmed with 
sodium in benaene solution, a new derivative, &dicamphylethanc, 

is produced. This crystallises in 

lender, white prisms, m. p. 209 — 211°, and its constitution is 
evealed by the fact that it may be obtained from camphyhnethyl 
iromide by the Fittig and Wnrte method. It is assumed that 
itater is eliminated from the carbinol, giving methylenecampbor 
ind hydrogen (from the sodium), and that either two molecules of 
this compound condense and then combine with hydrogen, or one 
molecule is reduced to methylcamphor, which condenses with the 
niethylenecamphor. The compound can also be obtained by boil- 
ing solutions of methylenecamphor in benzene or toluene with 
sodium, and then treating the product with water. In this case, 
die necessary hydrogen is supposed to be derived from an enolio 
form of the compound obtain^ by the union of two molecules of 
methylenecamphor. The fact that both series of reactions proceed 
better in moist benzene supports the given interpretations of the 
mechanism. 

In the Fittig-Wurtz reactions, and in the above processes when 
aioisture ia excluded, small quantities of an isomeride are formed, 
which Is slightly less soluble in light petroleum and crystallises in 
glistening, crossed prisms, m. p. 258—259°. Probably it has the 
“ GO CO 

formula, CsH,.<^y.^.(,g^.^>C8H„. 

Chlorometliylenecainphor (A., 1916, i, 409) also reacts readily 
with sodium, in ethereal solution, giving the m- and trcrts-roodifi- 
ations of dicamphoethandieiH, 


..<r 


C.H. 






and 


CO- 




Tbe cw-modification crystallises from light petroleum in oranp- 
yelW tetrahedra, m. p. 238 — ^239'5°, whereas the trans-isom&^idb 
is inaoluble and aepaxatea best from glacial acetic acid in slender, 
greenish-yellow needles, m. p. 282 — 283®. 

Camphylmethyl bromide does not react at all readily with mag- 
nesium, and its reaction with magnesium phenyl bromide is also 
not 80 vigorous as in the case of chloromethylenecamphor. The 
product, benaylcamphor, was also obtained with about the same 
optical properties by the reduction of beuzylidenecamphor with 
*odiuQi ainAlg ft.ni. J. C. W. 
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Studies bn the Dependence of Optical Rotatory Power on 
Chemical Constitution. I, Position Isomerism and Optical 
Activity of Naphthyliminocamphors and Derivatives of 
Phenyllminocamphor. Bawa Kaktae Singh and Jatindba 
Kumar Mazumdah (T., 1919, 115, 566 — 576), 

Genetic Relationships of the Terpenes. Ossian Aschan 
{Finska Kem. Jubilimmsnummer, 1918, pp. 15; from Ghem. Zentr., 
1919, i, 285). — A concise resume of the chemistry of the terpenes 

H. W. 

New Terpene in Finnish Turpentine. Ossian Ascbak 
(Techmkern, 1918, pp. 3; from Chem. Zentr., 1919, i, 284).— A 
new terpene hydrocarbon has been obtained by the fractional dis- 
tillation of Finnish turpentine with steam; it has b. p. 163 — 165°, 
Df 0'8628, [o]ii -I- 7-70°, and is a bicyclic, simply saturated terpene 
closely related to pinene. It yields pinene nitrosochloride with 
amyl nitrite and hydrochloric acid. H. W. 

Action of Finely Divided Metals on Pinene Vapour. Paul 
Sabatier, Alps. Maibhe, and G. Gaudion {Com.fl. rend., 1919, 
168, 926 — 930). — ^The metals used were copper, nidrel, cobalt, and 
iron. When pinene vapour is passed over any of these metals at 
350°, there is no evolution of gas, but a liquid is obtained which 
is less volatile than the original pinene and consists of terpenes 
isomeric with pinene and a small amount of polyterpenes. At 
higher temperatures there is an evolution of gas, the amount of 
which varies with the temperature and the nature of the metallic 
catalyst. With copper at 500° there is an abundant evolution of 
a gas, which is a mixture of hydrogen and olefines. With 
copper at 600 — 630° there is a still more marked evolution 
of gas, whilst the liquid product consists of a mixture of isoprene, 
olefines and diolefines, terpenes, and aromatic hydrocarbons, such 
as toluene, m-xylene, cymene, cumene, and methylethylbeiizene. 
The yield of aromatic hydrocarbons was in one case 31% of the 
pinene used. With reduced nickel at 600°, a very energetic de 
composition of the pinene occurs, a ga.s being evolved rich in 
hydrogen, carbon is deposited, and very little liquid product is 
obtained. With cobalt at 600°, the results obtained are inter- 
mediate between those obtained with nickel and copper, whilst 
reduced iron is similar to nickel in its effect. W. G. 

Finnish Turpentine. V. Formation of Terpin Hydrate 
and Terpineol. Ossian Ascuks {Bidrag Mnn. FinlandsnaturoA 
folk, 1918, 77, pp. 30; from Ghem. Zentr., 1919, i, 284).-Th6 
author has endeavoured to find new methods of preparing terpin 
from pinene . and dipentene. Preliminary experiments on the 
action of sulphuric acid of varying concentration on oil of turpen- 
tine without cooling showed that terpin (which is probably 
transiently formed under all conditions when pinene is converten 
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iato dipenfcene by acids) was certainly produced at the ordinary 
temperature, but that at the high concentration, and possibly in- 
creased temperature, water was almost immediately eliminated and 
clipentene formed. It is important that stirring and cooling should 
be very efficient, thereby preventing decomposition of tbe terpin 
hydrate formed by the acid- With efficient stirring (ten hours) 
and using 45% sulphuric acid, 53'2% of the theoretical yield of 
terpin was obtained; during the greater part of the time, the 
temperature must be maintained at + 1*^. ^mw^-Terpm is formed 
as a by-product. Terpin . is also produced by the action of 
sulphuric acid (45%) on uopinene (from American oil of 
turpentine). 

Terpin may also be obtained by addition of water to dipentene 
{1 part) by treatment with sulphuric acid (55%; 6 parts) at —6°; 
the crude product is remarkably pure, but may contain trans- 
terpin. The conversion of terpin hydrate by loss of water into 
terpineol is best effected by the action of oxalic acid solution (0‘5%). 
The transformation of terpineol „into pinene by means of formic 
acid is so successful that the process appears capable of technical 
application. An almost quantitative yield of terpin hydrate is 
obtained from terpineol (1 part) by the action of sulphuric acid 
riO%; 5 parts), the mixture being kept well stirred and cooled by ice. 
Terpin hydrate can be prepared in good yield from the fraction 
Finnish turpentine, b. p. 155 — IG?'^, which contains the terpenes 
L'elated to pinene. H. W. 

Finnish Turpentine. VI. The Components of High 
Boiling Point. Ossian [Bxdrag kiim. Finhnds natxir och 

jolk, 1918, 77, pp. 88,; from Chem. Zenir,, 1919, i, 284 — 285). — 
A specimen of turpentine and a resin distillate obtained in the 
•iianipulatioii of the resin of i’inus sylveslrk have been investi- 
and terpene alcohol and cadiueue have been obtained. The 
questiou whether cadinene exists as such in the fraction, b- p. 
125 — 130'^/9 mm., or whether its hydrochloride is formed by the 
action of hydrogen chloride on another sesquiterpene, remains 
undecided. H, W. 

Constituents of Higher Boiling Point in Finnish Turpen- 
tine. OssiAX Ascuan {Finska Kern. Medd., 1918, pp. 3 ; from Ohem. 

1919, i, 285).— Fractions b. p. 210 — 220° and ca. 260° 
have been observed in Finnish turpentine in the products of the 
tar ovens and in those obtained by the distillation of resin with 
steam ; they appear to consist of terpene alcohol and a sesqui- 
terpene, and resemble that obtained from pine resin (preceding 
abstract). An unsaturatod terpene alcohol, CjqHjj’OH, has been 
isolated w'hich is not identical with terpineol, but ig possibly a 
fixture of the latter with other terpene alcohols. A sesquiterpene, 
b. p. 260 — 263°/760 mm,, Df 0'9187, has also been obtained. 
It is unsaturated towards potassium permanganate, bromine, and 
l^ydrogen chloride, and is converted by the latter into cadinene 
dihydrochloride, m. p. 117 — 118®. Since cadinene, obtained from 
7 ol, csvl i, p 
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this hydrochloride, has b. p. 271°, it cannot be identical with the 
original substance. H. W. 

The Sesquiterpene Fraction in the Volatile Portions o{ 
Pine Resin. Ossiak Abchan (Finska Kern. Mcdd., 1918, pp. 2 ; 
from Chen. Zentr., 1919, i, 285). — A new terpene has been isolated 
from a distillate obtained during the manipulation of pine resin. 
Its dihydrochloride, Ci^HjjClj, forms shining, rhombic leaflets, 
m. p. 85 — 86°. It is possibly a bicyelic sesquiterpene, and may be 
related to cadinene. H. W. 

Some Constituents of French and American Rosins, 

Edmund K.necht and Eva Hibbjuit {J. Soc. Dyers, 1919, 35, 
148 — 154). — By repeated crystallisation from glacial acetic acid 
and alcohol, two pimaric acids, C2jH3(02, are isolated from French 
and American rosins, that from the former forming large, colourless 
crystals, m. p. 161°, Op— 80°, and that from the latter melting 
at the same temperature and hav^g Oj, + 79°. The two acids differ 
in certain particulara, and are probably not optical isomerides, 
On heating in a vacuum or in a stream of carbon dioxide, both 
acids are converted into rosin-like anhydrides by the loss of a mole- 
cule of water from two of acid. The hydration of the anhydride 
of f-pimaric acid takes place slowly at the ordinary temperature 
by the action of water, and when it is crystallised from water- 
absorbing solvents, such as alcohol or acetic acid, inactive pimarie 
acid is obtained which, by ebullioscopic methods, gives figures 
indicating a double molecular weight. Resolution of the acid is 
effected by means of (f-tet-rahydroquinaldine. By the action of 
bromine in carbon tetrachloride solution, both d- and f-pimaiic 
acids give crystalline tribromo-substitution products, m. p, 
115 — 118°, whilst with nitrous acid, greenish-blue, crystalline 
nitrosites, m. p. 99°, are obtained. When exposed to the air, 
f-pimaric acid slowly absorbs oxygen to the extent of two atomic 
proportions, and on distillation with aluminium, a hydrocarbon, 
CjjHjj, is produced, probably identical with or analogous lo 
abietene or colophene. The rosins themselves probably consist 
mainly of anhydrides, hydration being a preliminary to the crystal- 
lisation of the rosin acids. G, F. M. 


Synthetic Glucosides. -III. A Contribution to the.Con- 
stitution of Internally Complex Salts. P. Kakkek, ('. Nageu, 

and H. Weidmann (Helv. Chin. Acta, 1919, 2, 242 — 265. Com- 
pare A., 1916, i, 832; 1917, i, 539). — I. Constitution of Internalhi 
Complex Salts [with L. Wilbuschewich]. — It is now genersllj 
accepted that the metallic atom in internally complex salts of tie 
a-amino- or o-hydroxy-acids is bound, not only to the carboxyl 
group, hut to the o-substituent as well. That being so, it should 
be possible to obtain isomeric derivatives by the action of a suit- 
able halogen compound on the salt, according to the scheme ; 
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[n which *OH might be written instead of ‘NHg. An indication 
that such a reaction might take place has already been given, 
namely, in the formation of tetra-acetylglucose salicylate and the 
tetra-acetylglucoside of salicylic acid by the action of acetobromo- 
glucose on silver salicylate, and it is now shown that silver 
aiithranilate reacts with ethyl iodide in warm toluene to form a 
mixture of A-ethylanthranilic acid and ethyl anthranilate. 

In order to obtain pairs of isomerides at all, search must be 
made for a suitable halogen derivative. For example, silver 
salicylate and ethyl iodide only give ethyl salicylate. It is some- 
what remarkable that acetobromoglucose is more suitable than any 
other derivative tested so far. This is of interest, because it opposes 
another interpretation of the reaction, which, without reference to 
internally complex salts, would suggest that any change at the 
a-amino- or a-hydroxyl group might be preceded by attachment 
of the haloid as such. Acetobromoglucose has practically no 
tendency to form quaternary salts with amines. 

It is generally assumed that the metal is attached to the carb- 
oxylic residue by a main valency and to the amino* or hydroxyl 
iTi-oup by residual affinity. The preponderance of ester in most 
of the above reactions is in keeping with this view, but it is possible 
to represent the salts as desmotropes, thus : 

R-CH-NH, R'CH'NHM 

I i ■ rt I ■ 

CO'OM CO-OH 

IL Glacosides of a-iiijthi>xtjcu}'hoxylic AckU . — The silver salts , 
of all the o-hydroxy*acids investigated so far react with aceto- 
bromoglucose to give isomerides, as i)i the ease of salicylic acid. 
.imniunkun ^-tetra-aceti^l-d-gkicusidoglycollaU, 
002(NH^)*CH3-0-06H70,,Ac,, 

from silver glycoliate, crystallises in concentric groups of felted 
needles, with about 2 mols. EtOH, which it loses at 95 — 1 00°, and 
has m. p. 157°, [alj,* -35*6°. It yields i0-j^glucosidoglycollic acid 
on hydrolysis with baryta or ammonia (Fischer and Helferich, A., 
1911, i, 675). 

Silver lactate gives ieira-(icelyl-6rglucose 6\dactate, felted 
needles, m. p. 174°, [aj^ — 3’23°, and ammonium ^-tetra-acetyl-d- 
glumido-SX-lactatey m. p, 165°, [a]o— 34-92°, which yields 
^‘gluconido-AX'laciic acid, [a]p -36*58°, on hydrolysis. 

The active and inactive mandelic acids give the following com- 
pounds: ^-tctroracetyUd-glucosido^-windelic add, felted, white 
readies, m. p. 130 — 150°, [a]^ from — 36'97° to -43*46° with 
different preparations, the corresponding derivative of (^-mandelic 
acid, CfiHTO^Ac^’O'CHPh’CO^H, highly refractive needles, m. p. 

-5°, and thQ derivative of /-mandelic acid, white needles, 
p. 132° [a]n —82*4°; ^etra-acetyl-^-glucose d-mevudelate, 
0H*CHPh'CO2'CfiH.jOjAc4, snow-white ue^Ies, m. p. 163°, 
;['^]d -f-5'13° (yield four times as great as that of the glucoside), 
the Vmandei-ate, m. p. 134°, [o]'d® -63*09°, which is much more 

p 2 
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soluble in alcohol than the isomeride, it being possible to separate 
the inactive (W-mandelate into the two esters by fractional crystal- 
lisation. The tetra-acetates may be hydrolysed by baryta or dilute 
ammonia solutions to the following: d-fflucosido^l-mandelic acid 
CgHi^Oj'O'CHPh^GOgH, also designated prulaurasinic acidj because 
of ite relationship to the cyanogetic glucoside, prulaurasin, a white 
hygroscopic powder, crystallising with lEtOH, [o]iJ -28'17 — 33T8“| 
which is hydrolysed by emulsin, but does not r^uce Fehling’s solu- 
tion, and forms a very hygroscopic amtumium salt, 0-5H,0, 
—36-12°; and d-gluc<mdo-\-mandelic acid, [a]“;— 138-6°, and 
a-glueosidad-mandeUc add, [a]^' -h 61-39°, also called ■prunasmic 
acid and sambunigrimic add respectively. 

III. Glucosidis of Atithramlic Acid. — Silver anthranilate reacts 
with acetobromoglucose to form letroracctylglucose anthranilate 
NH2'C8H4'C02-CeHj05Ac4, m. p. 177°, [o]!} -58-12°, and 'S-Utrl 
acetylglucosidoanthraniUc acid, C0«H-C5H4-NH.'CeH,05Ac4, white 
needles, m. p. 181°, [ajjj -63-89°, The latter is a representative 
of the somewhat obscure group of A’-glucosides. It may be hydro- 
lysed by methyl-alcoholic ammonia to the very hygroscopic 
ammonium id-d-glucosidoanthranilate, [a]iJ — 85'6S°, which reduces 
Fehling’s solution, and may be converted into the silver salt, but 
the free acid is too unstable to be isolated. In one hydrolysis, 
ammonium lH-acetijl-d-glucosidoanthranilate was formed, 
C 8 H„ 05 Ac'NH-CoH 4 -C 02 -NH 4 , 

in stout, limpid crystals, m. p. 80 — 85°. J. C. W. 


The Tannin of the Canadian He^ock (Tsuga Canadensis, 
Carr.). Rodger James Mam.ving and Maximiliah Nierevstek 
(T., 1919, 115, 662—673). 


Cyclic Ethers from o-Allyl Phenols ; Methylenecoumarans 
[1 -Methylene 1 : 2-dihydrobenzofurans]. Roger Adams and 
R. E. Rindfusz (J. Amer. C'heni. Soc., 1919 , 41, 648 — 665).— The 
following series of reactions with o-allylphenol has been studied: 
(a) acetylation, (6) bromiiiation, and (c) treatment of the di- 
bromide with alcoholic potassium hydroxide. These are the reac- 
tions involved in the production of fiavones by Kostauecki’s 
method from o-acetoxyphenyl styryl ketone.s, and it was expected 
that in this case the parent of the flavones, namely, ''chromene ' 
(I), would be formed. Instead, the last operation takes a differe'at 
course, and the product is l-methylenecoumaran (II). 


Cll 

(I.) 


PTT 

c,H4<oJ>c:ch,. 

(n.) 


The formation of the methylenecoumaran appears to be a general 
reaction, and the raechaniam of the process was proved as follows. 
When the o-acetoxy-^y'dihromopropylbenzene is treated with one 
molecular proportion of sodium ethoxide, the acetyl group is 
eliminated and a monobromo-cydic ether formed, which, yields the 
known 1-methylcoiimaran on reduction with zinc and hydrochloric 



OHOANIO CHBMISTEY. 


i. 341 


acid, and l-methylenecoumaran when boiled with alcoholic 
potassium hydroxide. The reactions can only be interpreted as 
follows ; 

r H „ „ ^CH8'CHBr-CH,Br 

(a.) I 

C6H^<^.^>C;CHj ^ C,H,<o!)i>C'H-CH,Br 

(b.) 

(tAceloxyallylhemew, from o-allylpheuol and acetic anhydride, 
has b. p. 123— 124°/20 mm., D2< I'OSl, 1-508, and its dibromide 
(a) forms white crystals, m. p. 42°; \-bromomethijUov maran {b) 
has b. p. 144 — 145°/20 mm., 1-453, 1575; and 1-methylcne- 

covmamn is a pleasant-smelling oil, b. p. 93 — 94°/20 mm., 
196~197°/744 mm., 1-050, 1-555, which reacts with bromine 

iu carbon disulphide at 0° to form l-bromumethyhjtecoumaran, 

C(H,<Q?J>C:CHBr, b. p. 134— 138°/25 mm., D8« 1-472, 
< 1-584. 

Iu tlie case of o-allylplienol, it is necessary to acetylatc before 
tlie bromiiiatiou, because the free pbenol reacts in a complicated 
inanner with bromine. When slowly treated with bromine in 
carbon disulphide at 0*^ or below, and the product is slowly dis- 
tilled in a partial vacuum, three main fractions are obtained. 
Fraction I, b. p. 90 — 125®/20 mm., is the greatest, and consists 
chiefly of 1-methyIcoumaran, b. p. 93 — 94^/23 mm., D-* 1*032, 
1-631 (Claisen, A., 1913, i, 1176; 1915, i, 707). Fraction II, 
b. p. 125 — 146'^/20 mm., contains two isomerides with b. p. 142°/ 
20 mm.; one is i'bromo-hmethyhotmarari, 1-414, 1'569, 

and the other is l-bromomethylcoumaran, since it yields 
l-methylenecoumaran when the mixture is boiled with alcoholic 
potassium hydroxide, and l-mcthylcoumaran when boiled with zinc 
and hydrochloric acid. Fraction III, b. p. 180 — 210°/20 mm., 
contains chiefly a-i-dibrorno-l-methylcoumarav, 

C,H3Br<^ll3>cH-CH,Br, 

h, p. 189 — 194°/20 mm., 1'795, n® 1'607, for, when reduced by 
7.inc and hydrochloric acid, it yields the above 4-bromo-l-methyI- 
coumarau, and when treated with alcoholic potassium hydroxide it 
foiins i-bromo~l-methylen€coumftran. h. p. 148°/30 mm., 1’483, 
n§ 1-595. 

An attempt was made to obtain o-iSy-dibromopropylphenol from 
its methyl ether. o~AUylamsole, b. p. 101 — 102°/22 mm., 
0-972, 1-526, prepared by the action of methyl sulnhate on 

'J-allylphenol, reacts with bromine in carbon disulphide, however, 
to form some of the same compounds as the free phenol . 

4-Bronio-2-allylpheiioI (Claisen, fac. (dt.) yields the above 
4-broino-l-methylcoumaran when heated with pyridine hydro- 
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chloride, and this may also be obtained by brominating 1-znethyl. 
coumaran. ^Broino-2-allylphenyl benzoate has b. p. 234 — 236^/ 
25 mm., 1-308, 1'589, and its dibromide, m. p. 98-5°, yields 

the above 4-bromo-l-inethylenecoiiinaran when boiled with alcoholic 
potassium hydroxide. 

3-Allyl-p-cresol and S-allyl-o^iresol (ibid.) give the following 
compounds: Z-alliflrp-tolyl acetate, b. p. 139°/22 mm., 1-022, 
r507, its dihromide, long, white needles, m. p, 77-5°, and 
i-methyl-\~m.eihyhnecoumarati, b. p. 113°/17 mm., 1*043 
r556; and Z-allyUi-iohjl acetate, b. p. 128°/14 mm., 1-023, 
1‘507, its dihromide, b. p. 210°/20 mm., and ^~methyl-{. 
methylenecoumaran, b. p. 101 — 102°/15 mm., 1*043, n® 1*553, 
l-AUyl-j3-naphthol (Claisen, A., 1912, i, 965) forms an acetate 
b. p. 186—1890/17 mm., 1*111, n? 1*584, the dihromide of 

m. p. 89°, yields 
/ I 2-viethi^leTi€-2 ; 2-dihydro-i : 5~a$-na-pJiiha- 

/\ /\ Q fiiran (annexed formula), ra. p. 66°, b. p. 

I 1 I 188 — 190°/17 mm., when boiled with 

\/\/ sodium ethoxide solution. 

3-AUylsalicylic acid and its methyl ester (Claisen, !oc. cit.) can- 
not be acetylated, but this is no hindrance to the above reaction, 
as the hydroxyl group needs no protection during bromination. 
Methyl 3-8y-clihromo7>ropyhalicylate^ m. p. 72 — 72’5°, and the free 
fluid, C02H'C8H3(0H)'CIl2‘CHBr‘CH2Br, needles, m. p. 
162'5 — 163'5°, both yield y-methylenecoumaran-^-cnrioxylic acid, 
m. p. 152°, when boiled with alcoholic potassium hydroxide, and 
this compound gives l-bromomethyIenecounuiran-8-carboxyUc acid, 

C02H'C,H3<Q^>C;CHBr, m. p. 222—223°, when treated with 
bromine in carbon disulphide at O'^. J. C. W. 

Syntheses of Chromans and Coumarans. H. E. Rindfusz 
{J. Amer. Ghem. Soe., 1919, 41, 665— 670).— Three simple methods 
for the preparation of chroman and coumaran have been dis- 
covered. I. Phenyl y-hydroxypropyl ether, from trimethylene* 
chlorohydrin and sodium phenoxide, is heated with zinc chloride, 
giving chroman in 30 — 35% yield, or phenyl jS-hydroxyethyl ether, 
from ethylene chlorohydrin and sodium phenoxide, is similarly 
treated, giving a 25% yield of coumaran. II. Phenyl y-bromopropyl 
ether or phenyl j3-bromoethyl ether, from sodium phenoxide and. 
the dibromides, heated with zinc chloride, gives a 65% yield of 
chroman or a 30 — 40% yield of coumaran as the case may he. 
Ill, Mixtures of phenol and the chlorohydrins are heated with 
zinc chloride, but the yields are not so good. 

It is obvious that substituted chromans and coumarans could 
be mad© very readily from substituted phenols. J. C. W. 

Cinchona Alkaloids . II. 5-Azo- and 5 -Amino-comp<^ds 
ol Cupreine, Hydrocupraine, and their Methyl 
Ethers. 0. Girmsa and J. Halberkann (Ber., 1919, 52, |j^]- 
90G -923. Compare this vol., i, 33 ).— anhy- 
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droua, microscopic needles, m. p. 129 — 130®, is obtained by the 
action of diazotiaed aniline on an alkaline solution of cupreine; tbe 
corresponding sodium. p-sulphonaU (from diazotised sulphanilio 
acid) forms ruby-red crystals (-i-GHjO), which have m. p. 212® 
(decomp.) after darkening at 2{W®, whilst the free ip-sulphoitic add 
separates from water in red, prismatic needles (-i-SHgO), which, 
when dehydrated, decompose at 257® after darkening at 250®. 
Reduction of the azo-compounds, preferably with sodium hyposul- 
phite in alkaline solution, leads to the formation of b-amino- 
f^uirreine, an unstable, non-crystalline mass, m. p. generally 
between 170® and 195®, [a]® — 121'2® (in ether), [a]® — 18'4® (in 
alcohol). The salts are stable; the platinickloride, microcrystalline 
needles, decomposing at about 220®; the monosulphate, yellow, 
prismatic needles, which are completely decomposed at 232®; the 
dhulphate, red prisms, which darken at about 170® and decompose 
above 200® (this is the most stable sulphate and separates from 
solutions containing more than the requisite quantity of sulphuric 
acid); the trioxalaic, dull red powder, m. p. 152 — 153® (decomp,); 
and the teirasulphate, colourless, microscopic needles, m. p. 187® 
(decomp. ), after previous sintering and darkening, are described. 
^.Benzoylaminocupreine forms a grey powder, m. p. about 135®, 
after previous contraction, [o]d +39’8® (in alcohol); b-dihenzoyU 
aminocupreine resembles the monobenzoyl derivative, melts indefi- 
nitely at 165®, and has [a]® +41’6® (in alcohol); trihenzoylamino- 
cvweine crystallises in colourless, rhombic plates, m. p. 183®, 
fal^-blSlT® (in alcohol). The primary product of the inter- 
action of 5-aminocupreine and phenylthiocarbimide in alcoholic 
solution appears to be the thiocarbamide, small, colourless needles 
or plates, m. p. 247® (decomp.), after much previous softening, 
which, however, readily loses hydrogen sulphide and forms the 
corresponding carhanilMe, colourless, anhydrous needles or rods, 
m. p. 185 — 186® (from benzene), small, monohydrated needles, 
m, p. 155® after previous softening (from dilute alcohol). Cupreine- 
l-tiiioloTazole, microscopic needles which do not melt below 300®, 
is obtained as by-product of the action of phenylthiocarbimide on 
5-ammocupreine or, more conveniently, by the direct action of 
carbon disulphide on the latter; it gives a monnsulphate, red 
needles ( + 4HoO), which is only stable in solution in the presence 
of an excess of acid. 

b-Aminoquifiine, m. p. 214 — 215®, [a]® -■22’5° (in alcohol), 
•-119'3® (in ether), is obtained in small yield by the methylation 
nf 5-ammocupreine by methyl sulphate or diazomethane. 5-^mmo- 
r'Onilcum'eine forms prismatic needles or plates, m. p. 213 — -214®, 
(in alcohol), — 121-6® (in ether): the ^ntinichloride 
f J-IH^O), darkening at about 195® and gradually decomposing’ at a 
bigbfir temperature; the monosulnhate, slender needles (-)-3HoO), 
p. 183 — 184® (decomp.) after darkening at 173°. and the diml- 
vliafe, red powder, m. p. 143® (decomp.) after darkening at 100®, 
are described. Reduction of aminoethylcupreiiie with hydrogen in 
til© presence of palladium readily yields the hydro-&fZ.sr, m. p. 212®. 
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Sodium hydrocupreine-i-aio'beniene-'f-sulphwiate is obtained in 
the same manner as tbe corresponding cupreine compound, to which 
it stows the closest resemblance; the corresponding sulphonic acid 
( + 3 H 2 O) is also described. 5-Aminohydrocupreine is an unstable 
substance which darkens above 100°, softens about 160°, and has 
m. p, 197° (on account of incipient decomposition the latter value 
is seldom observed, the m. p. usually being 180 — 185°); it has 
[“Id -125'9° (in ether), — 24'0° (in alcohol); it gives a monosul- 
pha(e, yellow needles, which darken at 180° and decompose without 
melting above 200°, and a disulphate, rust-red powder which 
decomposes above 160°. 5- Aminohydroqvinine, yellow needles 
m. p. 217 — 218°, is obtained in the same manner as 5-amino- 
quinine, which it greatly resembles and from which it can be 
prepared by catalytic reduction; it has [n]“-14’l° (in alcohol), 
— 120'6° (in ether). h-Aminoe.lhylhydrocvjrreine forms intensely 
yellow crystals, m. p. 211 — 212°, [a]^ -123-8° (in ether), -13-2o 
(in alcohol); when treated with ethyl chloroformate it yields amor- 
phous ethylhydrocupreine ethyl urethane, m. p. 100 — 110° 
“?+14-8°. H. IV, ’ 

Diazo-reaotion of Morphine. Ludwig LAUTEMsenLAOER (Anh. 
Pharm., 1919, 257. 13 — 18). — Morphine and its salts couple with 
diayouium compounds in alkaline solution to yield dyes, the most 
suitable reagent being diezohenzenesulphonic acid. For qualita. 
tive work an approximately 2% aqueous solution of the latter is 
added to the solution of the morphine salt which is made alkaline 
with sodium carbonate or hydrogen carbonate; a deep red to pale 
red coloration, according to the concentration of the alkaloid, is 
immediately developed, which becomes orange after acidification 
with dilute acid. The limit of sensitiveness for the sodium carbon- 
ate solution is less than 1 in 10,000. The dye has little affinity for 
fibres in an acid bath. 

Morphine is the only member of the opium alkaloids -which 
yields a true dye with diazonium compounds; the synthetic deriv- 
atives of morphine (dionin, heroin, peronin) do not give the reac- 
tion, whilst of the commoner pharmacological alkaloids only a few 
give dyes, A table is given in the original showing the colora- 
tions -yielded by morphine, emetine, sparteine, physostigmine. 
piperidine, coniine, and nicotine with diazobenzenesulphonic acid, 
diazotised arsanilic acid, 2 : 5-dichlorobenzenediazonium chloride, 
p nitrobenzenediazonium chloride, and benzidine tetrazotate in 
alkaline solution. 

The constitution of the morphine dye-s remains undecided, but 
titration with titanons chloride shows that one and two molecules 
of morphine are contained in the diazo- and tetrazo-dyes respec- 
tively. Methyl- and ethyl-morphine do not give the reaction. The 
physiological action of morphine is destroyed by its conversion into 
the diazonium compound. Attemnts to obtain an aminomorphine 
liY reduction of the dye under varying conditions did not lead to the 
desired result. 
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The reaction can be used for the toxicological detection of mor- 
pbme in the presence of its substituents and of other alkaloids 
Quantitative determinations show that morphine can be' esti- 
mated as accuiately by the colorimetric method with diazobenzene- 
sulphonic aad as by iodic acid or by Marquis’s method; the method 
IS most suitably applied to solutions containing 0-5— 0*05 ms. 
of alkaloid per c.c., and has the advantage that it is not 
influenced by the presence of other opium alkaloids. A series of 
estimations of morphine in ripe poppy heada’by the diazo- and iodic 
acid metnods yielded identical results. jj 'yy 

Oxydihydrocodeinone Hydrochloride [Eukodall. Martin 
Freund and Edmund Speyer (Munch, med. Woch. 1917 ©4 
380-381 ; from CA cm. Zentr., 1919, i, 28— 29).— Thebaine elimin- 
ates methyl alcohol when oxidised by hydrogen peroxide and passes 
mto a tertiary base, C„H„0,N, which contains only one methoxv- 
group and has ketonic properties; one hydrogen atom in thebaic 
IS replaced by hydroxyl. The substance 
IS related to codeinone, obtained by the 
oxidation of codeine, and, since it con- 
tains an additional atom of oxygen is 
oxycodeinone. The aliphatic 
double bond in oxycodeinone is re- 
duced by hydrogen, yielding oxyiihydro- 
codetnone (annexed formula). The base 

crystallises in rods, m. p. 220 222°. 

The hydrochloride is a stable substance, 
freely soluble in water. The solution can 
be sterilised by heat without under- 
going decomposition. The free base is 
precipitated in the crystalline form by 
, , ., , , addition of ammonia, sodium carbonate 

or hydroxide, and does not dissolve in an excess of alkali. Eukodal 
IS used as a narcotic. jj 

The Alkaloids of the Pomegranate Tree. VI. The 
MethylisopeUetierine, dl-Methylcon- 
ydnnone.andA^-Methylpiperidylpropan-a-one. An Instance 
Tervam S^stances containing an Asymmetric 

964 Nitrogen Atom. Kurt Hess [Ber., 1919, 52, [H], 
=01 lUU4).--lt has been previously shown that methylisopelle- 
4 ‘‘■l-“®^*'y>piperidylpropan-a-one, and that it may he 
ormed from conhydrine (A., 1918, i, 35); a more e.xtended. exam- 
loation ot the latter reaction now proves that two bases are formed, 
e ol which IS identical with methylisopelletierme. whilst the other 
> (K-methylconhydrmone. Synthesis of a-l-methylpiperidylpropau- 
of product identical with the latter. The formation 

u j “ylwopelletienne from conhydrine is, however, shown not to 
e due to impurity in the latter, and further confirmation of the 
ula ascnbed to it is obtained by its oxidation to o-methyl- 


CH 

Me0-C,'^\CH 

A/\ 

/ <1 OH 

0 I I 

\ CH CH 
'^l\ CH 

Ocl,,^y^CH, 

OH-CH CH, 
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piperidinecBrboxylic acid and acetic acid. Since the two bases yield 
different oximea and hydrazones, their isomerism cannot be attri. 
buted to keto-enolic desmotropy, and the author is led to the con- 
clusion that it is due to the presence of an asymmetric carbon atom 
and an asymmetric tervalent nitrogen atom in the molecule. The 
following formuls are then possible; 


OOEt-C-H 

+N‘Me 


H*C^COEt 

Me-N 

(CHg)^ 

I 


+\ 1 + 

COEfC-H H-O-COEt 

Me-N+ +A-Me 

(CH,), (OH,). 

t ^ > ■ 

b. 


(For convenience, the piperidine ring is represented as opened at 
one point and placed in the plane of the paper.) Owing to the 
relative readiness with which methyU'sopelletierine reacts with 
semicarbaride, the formula, a, is tentatively proposed for it. Un- 
expectedly, the isomerism is still preserved when the bases are 
converted into their methiodides, although this phenomenon does 
not appear to have been observed previously with quaternary 
ammonium salU of the type [NABCC]X; a similar case may, how- 
ever, be presented by Willstatter’s dihydroarecoline methiodide and 
the methiodide of methyl methylhexahydronicotinate (Hess and 


Liebbrandt, this vol., i, 220). 

It has not been possible, up to the present, to cause the inter- 
conversion of methylisopelletierine and dl-methylconhydrinone 

[With Fel. a. Eichel.]— Methylconhydrine (A., 1918, i, 35) has 
[at? -42'27° (in water), [a]g> -39-42° (in alcohol), d-Conhydrinone 
(loc. dt.) has [olS? -11-42° in aqueous solution; it gives a hydro- 
bromide, m. p. 146° after previous softening, a j»cra(«, m. p. 
91—92°, an ethylurethane, b. p- 133°/15 mm., and an impure hydr- 
azon-e, b. p. 123— 126°/18 mm., which yields a picrate, m. p. 164 
after previous softening. Methylation of d-conhydnnone with 
methyl sulphate in the presence of alkali leads to a mixture of 
racemic methylconhydrinone and methylisopelletierine, the ulti- 
mate separation of which is accomplished by taking advantage oi 
the fact that the latter readily reacts with semicarbaride, to which 
the former is indifferent. dl-Melhykouhydrinone is a colourless 
oil, b. p. 9o°/15 mm.; it gives a hydrochloride, needles, m. p. lj!i 
after softening from 119°, a picrate, cubic crystals, m. p. 106 , a 
hydrobromide, slender needles, m. p. 137 138° after previous 

softening, and an oily oxime, b. p. 158°/22 mm., which yie s a 
picrate melting to a cloudy liquid at 118° and becoming ra - 
parent at about 145°. When rf-couhydrinone is treated wi 
methyl iodide, the methiodide of the tertiary base is produced, 
forms prisms, m. p. 113°, [o]{f-2-47°, juinns 

Attempts to methylate or oxidise ^-conhydrine, under cond ■ 
which were found suitable for conhydrine, did not lead to a s 
factory result, the material being recovered unchanged. 
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[Wit-h H. Munderloh.] — o-l-Piperidylpropan*o-ol is^repared by 
the catalytic reduction of a-ethylpyridyl ketone, and is obtained in 
two foms, ni. p/s 99 — lOO*^ and 83 — 85° respectively, which, on 
iiiethylatiou , yield a-l-metkylpiperidylpropan-oroh, b. p/s 96 — 97°/ 
14 mm. and 97 — 99°/ 1 mm. respectively. Oxidation of a mixture 
of the latter substances gives a-l-mcthylpiperidylpropan-a-one, b. p. 
88 — 89°/ 12 mm., which is shown to be identical with d7-methyl- 
conhydrinone by an exhaustive examination of the picrate, hydro- 
chloride, hydrobromide, and methiodide. 

For purposes of comparison, a number of derivatives of methyl- 
isopelletierine has been prepared. The hydrochloride of the 
/ff-base has m. p. 156° and decomposes at 160°; the methiodide 
forms cubic crystals, m. p. 156°; the oxime is a viscous oil, b. p. 
160°/12 mm., which forms a picrate (or possibly mixture of 
picrates), m. p. 106°; the methiodides of the d^ and f-bases also 
have m. p. 156°, but depression of the melting point is observed 
when they are mixed with the racemic form. 

Methylwopelletierine is oxidised by chromic acid in sulphuric acid 
solution to methyli^opelletierinic acid, which is shown to be iden- 
tical with l-methylpiperidine-2-carboxylic acid previously syn- 
ihesised by Hfess and Liebbrandt (A., 1917, i, 354) in the form of 
its ethyl eater; the air-dried acid (-i-iH20) has m. p. 214 — 215° 
[hydrochloride, m. p. 205°; platinichloride (-(-2H2O), m. p. 
218—219° (decomp.)]; the methiodide of the ethyl ester crystal- 
lises in short rods, m. p. 129 — 131°; the gold salt of the metho- 
ohlorides of the ethyl ester and of the acid have m. p.’s 88° and 
254° (decomp.) respectively. The methiodide of ethjfl 1-methyl- 
pipocolinate and some of its derivatives have previously been 
described by Willstatter; repetition of his work has, however, 
yielded products identical with those obtained from methyh’50- 
pellctierine and differing in their physical constants from those 
described by him. 

Attempts to deraethylate methylisopelletierine by cyanogen 
Ijromide yielded methyVizopelletierioe meihohro'mide, m. p. 
134 -136°, and the expected cyanamide derivative, b, p. 173°/ 

14 mm.; hydrolysis of the 

/>EfNH 

. J?f— no 




V.CEt-N 

-O(OH) 


mm.; 

latter gave an iminazolone 
derivative, probably annexed 
formula. The imino-hetone, 
b. p. 101 — 102°/14 mm,, could, 
however, be obtained by treatment of methyh-'Jopelletierine with 
ethyl azodicarboxylate : it gives a picrate, m. p. 154°, a hydro- 
hnmide, slender needles, m. p. 149°, and a hydrochloride, m. p. 
137-138°, after previous softening. 

ii'oPelletierine is not methylated by formaldehyde and fomic 
acid, but is converted by methyl sulphate into methyhVopelletierine ; 
f^^methylconhydrinone does not appear to be formed in this reac- 
tion. Attempts to convert methylisopelietierine into df-methyl- 
conliydrinone by treatment with acetic and hydrochloric acids at 
230°, with glacial acetic acid at 110—120°, with alcohol at 105 — 115° 

p* 2 
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or with alcoholic sodium ethoxide sduliou yielded only unchanged 
material aad resinous or oily products. H. W. 

The Alkaloids of the Pomegranate Tree. VII. Natural 
Occurrence of rsoPelletierine. Kurt Hess (iier., J1919, 52, [ii], 
1005 — 1013). — During the preparation of the large quantities of 
alkaloids required in the investigation of inethylisopelletierine (pre- 
ceding abstract), the author has observed the occur- 
/\ rence of isopelletierine (annexed formula) in small 

I ijojit ^™oo“t. The alkaloids are separated in much the 
same manner as previously described; after removal 
NH of i/<-petletierine by freezing, and of the bulk of pelle- 

tierme as tbe hydrobromide, the residual material 
is distilled under diminished pressure, when considerable quantities 
of resin are left behind. The distillate is treated with ethyl 
chloroformate, and the product is repeatedly fractionated, when 
after removal of a-l-methylpiperidylpropan-iS-one and methyliso- 
pelletierine, a small fraction is obtained, b. p. 150 — 165°/13 mm., 
which consists of a mixture of the urethanes of pelletierine and 
Mopelletierine. When hydrolysed with aqueous-alcoholic sodium 
hydroxide solution, the liberate pelletierine is resinified (the pre- 
parative regeneration of pelletierine from its urethane cannot be 
accomplished at present in spite of many variations in the condi- 
tions of the experiments), whilst the isopelletierine is unallected 
and is obtained on distillation as an optically-inactive oil, b. p. 
102 — 107°/ 11 mm. The picrate has m. p. 152° after previous 
softening, whereas that obtained from fsopelletierine formed by 
demethylation of methylMopelletierine (preceding abstract) has 
m. p. 154° after previous softening; mixed m. p, 154°. The hydro- 
bromides of the natural and synthetic bases and mixture of them 
melt at 149°. 

The yields of the various alkaloids from 100 kilos, of the barlf 
are approximately as follows; pelletierine, 52'5 grams; ^-pelle- 
tierine, 179 grams; methylisopelletierine, 22 grams; isopelle 
tierine, about I'o grams; a-l-methylpiperidylpropan-/S-one, about 
1 gram. 

Owing to an error in calculation, the specific rotations of a 
number of salts of pelletierine and methylisopelletierine are incor- 
rectly recorded in a previous paper (A., 1918, i, 404); the following 
are the accurate values : d-Pelletierine d-bitartrate, [ 0 ]“ -t 2100°, 
[a]2i -t 20-93°; 7-pelletierin6 7-bitartrate, [o]2» -20-94°, [a]*' 

-21-80°; d-pelletierine sulphate, [op*-b5-86°, -i-6'll°; 7-pelle- 
tierine sulphate, [a]’® — 0 ' 89 °; (/-methylisopelletierine (/-bitartrate, 
[a]® -1-22-77°; /-methyb-sopelletierine /-bitartrate, —20-83° and 
-22-40°; (/-methylisopelletierine sulphate, [a]'® 4-7-64°, 8-53°; 
/-methylisopelletierine sulphate, —8-03°; (/-methylisopelletierme 
hydrochloride, [a]'* + 11-08° ; /-methylisopelletierine hydrochlMidc, 

[a]is -10-64°. E-W- 

Some Deri-vatives of Piperoiialdehyde. BonoirWiLKENDORr 
{Her., 1919, 52, [B\ 606— 616).— I. Quim-zdine derivativei — 
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piperonaldehyde is nitrated by dropping a concentrated acetic acid 
solution into well-cooled and agitated nitric acid (D 1‘41), and then 
converted further into the oxime and reduced to o-aminopiperon- 
aldoxime (Haber, A., 1891, 704). This is reduced by means of 
sodium amalgam and alcohol, the solution being maintained slightly 
acid by the addition of acetic acid, when ^-amino-Z i-methyUnc- 
dioxy^enzylamine is obtained as an oily base, which forms a 
dihydrochioride^ bundles of long, sharp needles, decomp. 
175 — 180°, and a yellow mono-picrate. When heated with sodium 
formate and anhydrous formic acid, the salt produces 6:7- 

CH *NH 

mtihyhnedioTij-^ : ^-dihydro/iuinazoline, * 

^ — t/H ’ 

which crystallises in bitter needles, ni. p, 153°, and forms a hydro- 
chloride, bundles of needles, m. p. 267—268° {decomp. ), an almost 
insoluble picrate, m. p. 234°, and an insoluble ^atinichloride, 
decomp, 235°. When oxidised by alkaline terricyanide, the base 
yields 6:7-methylenedinxyquinazoline, m. p. 172 — 173° (after 
vacuum distillation), which gives a pcrule, long, slender, pale 
yellow needles, m. p. 216°, .and a ylatinichloride, decomp. 
270 — 276°, and may be reduced • by sodium amalgam to 6:7- 
methylenedioxyA : 2:Z'.i-tetrahydroqmiiazoline. This crystallises 
ill glossy leaflets, m. p. 101°, and forms a picrate, terra-cotta- 
coloured tablets, m. p. 172 — 173° (decomp.). 

The original base forms a triacetyl derivative, CjH,N 2 Ac(OAo )2 
or C 7 H,N 2 Ac 2 (OAc)-OH, bundles of slender needles, m. p. 
200—201°, when shaken with acetic anhydride in the cold, but 
the iemoyl derivative, CH2l02lC5F2(NH2)’CH2’NHBz, m. p. 255°, 
is obtain^ by the Schotten-Baumann method. 

II. Z-Nitropiperonyl AIcoAo/.— 6-Nitropiperonyi chloride (Robin- 
son and Robinson, A., 1916, i, 167) does not react at all readily 
with potassium carbonate solution, and was therefore converted 
by means of sodium iodide into the iodide, 

ch2:02:c„H2(N0-,vcH;I. 

This crystallises in bundles of elongated, pale yellow needles, m. p. 
97—98°, but it does not irritate the skin, as the chloride does, and 
tails to react with silver oxide. With the idea that the iodine 
atom may have wandered into a ring position, the substance was 
chlorinated, in the expectation that a compound of the type 
R'ICl; would be formed. During the process, however, iodine is 
liberated, and ultimately a dichlorn-G-nifropiperooyl chloride is 
formed, either CH„: 02 :C,iCI.,(NO,)-CH,Cl or 

r’Cl..;o;;CcH;(N02)-CH.,CI, 

(ale yellow needles, ra. p. 139 — 140°. Both the chloride and the 
iodide react readily with sodium acetate in alcoholic solution to 
form the acetate, tablets, m. p. 150°, which muj be hydrolysed 
hy boiling with 20% sulphuric acid to S-nitropiperoiiyl alcohol 
i6-iiUro-3 : i-methylenedioxyiemvl a/co7iof], 

CH,:0.,:C„H.,(N02)-CH,-0H, 

his forming pale yellow crystals, m. p. 121°. The corresponding 
tVocyanate, m. p. 88 — 89°, is obtained by the action of potassium 
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thiocyanate on the chloride in boiling alcohol, and may be con- 
verted by treatment with ammonium sulphide into di-Z-nitro- 
piperonyl disulphide, [CHj!Oj!C|sH 2 (NOj)'CH 2 ] 2 S 2 , pale yellow 
needles, m, p. 103 — 104°. • J. C. W. 

Formation and Reactions oi Imino-compounds. XIX. 
The Chemistry oi the Cyano-acetamide and Guareschi 
Condensations. George Aemand Robert Kotj and Jocelyx 
F iELn Thorpe (T., 1919, 115, 686 — 704). 

Nitration oi Diphenylethylenediamine. George Macdoxald 
Bennett (T., 1919, 115, 576—578). 


New Derivatives in the Indole and Indigotin Groups. 
Isatin. III. Anr.BST AnaERTand Leopold Hhrtzig (Ber,, 1919 
52, [B], 530 — 542. Compare A., 1915, i, 595; this vol., i, 99).— 
In the last paper, the behaviour of l-oxy-2-thiol-3-benzoyloxy-3. 
hydroindole towards phenylhydrazine, and various reactions of the 
product, were described. Similar experiments with 8-naphthyl. 
hydrazine are now recorded. 

o-Nitrobenzaldehyde is converted into it® cyanohydrin, from 
which the required material is obtained by benzoylating and then 
reducing with ammonium sulphide and shaking the thioamide with 
dilute hydrochloric acid. i-Thiol-i-henzoyloxy-X-.i-dihydroindole- 
-l-^-naphthylhydrazone hydrate, 

Ci,H,'NH-NH-N(OH)<®‘g^'P>C H -OBz, 

forms colourless needles, m. p. 120 — 122® (fuses to a red liquid), 
and reacts with 0'5i\^-sodium hydroxide to give 1 A^’his’^-iiapkthyl 
hydrazinoindigotin, which crystallises in dark red, lanceolate 
needles, m. p. 228® (decomp.), gives a hrown sulphate which is 
easily hydrolysed, and changes into the bluish-red salt of the 
enolic form when covered with concentrated sodium hydroxide. 
The presence of two carbonyl groups is revealed by the formation 
of a bisphenylkydrazoncy bundles of pale yellow needles, m. p, 
183®, and the dihydrocklorid.e of a di-mtlf wine-red needles, m. p. 
202®. The :'N'-d.ibenzoyl derivative, 


CeH,<! 


CO ->PT<'CO 

■N(NH-NBz-C„lL)^'"'^^N(NH-NBz-Ci,H.) 


Xh,. 


in obtained by boiling the indigotin with lOiV-sodium hydroxide 
until it is completely changed into a bluish-red powder, and then 
shaking with benzoyl chloride in the cold; it forms sharp, yellow 
needles, m. p. 184®, and gives a yellow hisphenylhydrazone, 
m. p. 140—142® (after some decomposition at 
107®). A teirahe-nzoyl derivative, 




,C(OBz)- 




.Xh„ 


''N(:n-nbz-c„H2) ^^n(:n-nbz-c,5H,) 

is formed if an excess of benzoyl chloride is employed ; it crystal- 
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Uses in I’ed needles, m. p. 166®, and gives the above phenylhydrazone 
of the dibenzoyl derivative when warmed with phenylhydrazine. 

1 ; l^-Bis'jS-naphthylhydraziiioindigotin suffers reduction by 
ammonium sulphide to indigotin, and by zinc dust and sodium 
hydroxide to 1 : l^-diaminoindigotra, which is readily converted into 
iiidigotin-l : 1^-imide. The acetyl derivative of this crystallises in 
bluish-violet needles, m. p. 212° {loc. cit.)y and the oxime fuses 
and resolidifies at 290°. Reduction with zinc and acetic acid gives 
jS-uaphthylamine and the lactim form of isatin, for phenylhydr- 

azine precipitates the a-phenyJhydrazone, 

(Heller, A., 1907, i, 442). J. C. W. 

preparation ol Hydantoins. Cbemische Fabrik von Hevden 

(D.R-'F- 309508; from Ckem. Zentr., 1919, ii, 262). — The method 
depends on the action of hypohalogenites on C-C-arylalkylcyano- 
acetamides. Thus, the sodium compound of phenylcyanoacetamide 
reacts with ethyl iodide to form pkenylethylcyanoacetamide, 
crystals, m. p. 116°, which is dissolv^ by sodium hypobromite 
solution and yields, after short wanning, phenylethylhydantoin, 
small, shining needles, m. p. 201 — 202°. Phenylallylhydantoin is 
similarly prepared. The arylalkylhydantoins aie useful soporifics. 

H. W. 

preparation of Hydantoins. Cbemische Fabrik von Hetdbn 

(D.R.-P. 310426, additional to D.R.-P. 309508; from Ckem. 
Zentr., 1919, ii, 262. Compare preceding abstract). — The pre- 
paration is effected by the action of hypohalogenites on malon- 
amide. Thus, diethylmalonamide and potassium hypobromite 
yield diethylhydantoin. Fhenyiethylmalonamide, prepared from 
phenylethylcyanoacetamide and concentrated sulphuric acid at 
125°, forms small leaflets, m. p. 124° (decomp.), and is converted 
by sodium hypobromite after some hours into phenylethyl- 
hydantoin, m. p. 201°; if the solution is acidified immediately 
after solution of the amide, a chlorinated amide^ 
NH2*C0*CEVC0*NHC1, 

•colourless needles, m. p. 152°, is obtained when hypochlorite is 
used. Diallylmalonamide yields C-C-dianylJiydcmtoiny colourless 
needles, m. p. 204°. H. "W. 

Reduction of the Nitrile Group, J. J. Bloch {J. Soc. Ckem. 
hd., 1919, 38, 118 — 120). — The author describes a series of un- 
successful attempts to reduce the nitrile group in 5-cyanoniethyl- 
benziminazole and 5-cyanomethyl-2-methylbeiiziminazol6 (Maron, 
Kontorowitsch, and Blocb, A., 1914, i, 684) to the amino-group. 
With sodium and alcohol, reduction proceeds mainly according to 
the scheme : R-CH.-CN 4- Na + H -R-CHs-f- NaCN ; with palladium 
bydrosol, with acetic acid and iron, sodium amalgam, aluminium 
amalgam, or zinc dust, only traces of base are obtained. The use 
of mineral acids causes hydrolysis of the nitrile. 2-MethyU 
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iminaiolylphtnylacttic acid, has 

m. p. 218 — 219“ (anhydrous), 117® ( + 21120); the mercuric salt 
decomposes without melting at 230°. 

Reduction of benzyl cyanide with sodium and alcohol gives 
phenylethylamine in 35—40% yield, the process being improved 
by the addition of toluene. Toluene, ammonia, methylamine, and 
sodium cyanide are always formed, the two main reactions being 
the normal reduction to the amine, and CH 2 l’h'CN + Na + H — > 
PhCHj+NaCN (compare Johnson and Guest, A., 1909, i, 784), 

H. W. 

Improvements in the Production of a Colouring Matter 
(J7-Dihydro-l : 2 : 2' : I'-anthraqulnone-azine). James Mortos, 
Arthur Gilbert Dandridge, and Morton Sundouk Fabrics, Ltd. 
(Brit. Pat., 126112). — The substitution of potassium chlorate for 
potassium nitrate in the preparation of A-dihydro-1 ;2 :2':1'- 
anthraquinone-azine from 2-aminoanthraquinone by fusion at 250° 
with potassium hydroxide and an oxidising agent (see Brit. Pats,, 
3239, 22762 of 1901) results in an improved yield of dye of much 
greater purity, which dyes cotton to much brighter shades than 
can be obtained with the impure dye prepared by the older method, 
[See, further, J. Soc. Chem. Ind., 1919, July.] G. F. M, 


Structure of Hydroxyquinaciidone. Wr,. BaozaiIski and 
St. von Niemf.ntowski {Ber., 1919, 52, [B], 461 — 484. Compare 
A., 1896, i, 261). — The hydroxyquinacridone obtained by the con- 
densation of aiithranilic acid with phloroglucinol might have either 
a linear structure like anthracene or an angular structure like 
phenanthreno. Decisive evidence has been very hard to find, but 
the authors are now able to show that the annexed, angular, or 
"B" structure is correct, which is in keeping with the results of 
many other syntheses of quinoline derivatives 
with at least three nuclei. 

In the first place, the condensation product 
of phloroglucinol with o-aminobenzaldehyde 
was shown to be 4-4iydroxy-8-qumacridine,’ 
because it could be oxidised to a diketouo 
which condensed with o-phcnylenediamine, and . 
was therefore an o-diketone. Similarly, 
hydroxyquinacridone may be oxidised by boil- 
ing with chromic and acetic acids, or 6% nitric 
acid, to diketo-B 'I’linacridone, 

„ „ ^H-C-CO-CO-C-CO.^ „ „ 


NH CH 


k 


\/\ 


which is a microcrystalline, red powder, m. p. 374® (decomp.), 
sparingly soluble in boiling quinoline or nitrobenzene, freely soluble 
in concentrated sulphuric acid, from which it may be precipitated 
again by dilution, otherwise insoluble. Unfortunately, it does 
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uot rract m the desir^ way with o-phenylenediamine, thia reaeent 

^ dVoxy.^-quinairiZe 

C H ON anihne however, giving two anils, 

CaHijOsNs.dHaO, one soluble in ethyl acetate, forming almost 
black crystals, m. p. 210-2300, and a"n insolubi; one, alfo btt 

Oxidation with nitric acid was then tried, with the idea of 
obtaining recognisable degradation products, but the resulte^ere 
confused by the readiness with which nitration takes place Boil- 
,ng the original compound with an acid of D 1-2 gives an 80r 
yield of a mtrohydroxy-fi-nmnacridnne, crystallising ®from boiling 
nitrobenzene in chestnut-brown needles m p 330° If fh d'^ 
ketone is boiled with an acid of D M2, it gives a nitrodihL a 
qmnamdme, which is best obtained from the above nitrohydroxy- 
compound by oxidation with chromic acid ; it crystallisi from 
nitrobenzene in yellow filaments, m. p. 340° ('decomn 1 A 

IS obtained if the diketo-compound is boiled with an acid of D 1-2 

6% “tnc acid 

(D 1 033), the mam product is the diketo-derivative (above), hut 
sniall quantities of a dibasic acid are formed as well, 'This gives 
the flMrescem reaction with resorcinol, and is therefore^ an 
o-dicarboxylic acid, fomed by the destruction of oiio of the out- 
side rings. Bemo-m.pkf,nonthroltmlicarboxyli<- acid, as it is called 

nh-o-ch:c(oh)-c.co-c.co,h 

* ‘^co-d d-NH'C.co;H ” 

cOsH-c-nh-c-ch:c(oh)-c--co- 

CO.jH'C-CO-C 

crystallises from acetone in pale yellow needles, in p 283° 

riTL^d 7' h X"' ^ salt, 

and^a dark brown compound, decomp, 160—170°, of the 

foimula,. p — C[C,H,(OH)jy fused with resorcinol. 

Better results in the oxidative degradation of the compound 
ivere obtained with permanganate. If the hydroxyquinacridone is 
suspended in water and gradually mixed with a saturated solution 
of permanganate it is o.xidised to a dibasic acid, quinaoridonic 
snd 0 W C(),n-C-CO^ „ 

' ® "'^CO-C -iJ-NIl^*^®^'* teutomeride), 

* "'Wte, microcrystallinc powder, becoming orange at 
■!40-3 oo°. soft at 375°, and molten at 385°. It forms an 

'’“of)- ''n hldroqcn salt, 

almost white nodules, m. p. 240° (decomp,), an Hhifl ester, canary- 
je l ow, hexagonal tablets, m, p. 417° (corr,), and an anhydride 
crystallising in tufts of white needles, m. p. 

I (decomp.). When heated with hydrochloric acid in a sealed 
Iipni ^■■i'-dihydroxy-^-.V-dt.quinolyl, in very slender 

er, ni. p. 430°, which dissolves in ammonia and alkali hydr- 
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oxide solutioriB with intense blue fluorescence, and is also soluble 
in the more concentrated solutions of hydrochloric acid. The 
poiamum salt, 6 H 2 O, is obtained when a solution containing 
1 part in 120 parts of boiling 20 % potassium hydroxide is cooled. 
The chief evidence in the whole argument is the fact that this 
dibydroxv-compound or the quinacridonic acid yields the known 
M— nij GH*CH 

3 ;2''diquiaolyl, when distilled with 

zinc dust. 

The manganese dioxide sludge obtained dn the oxidation of the 
hydroxyquinacridone with permanganate contains unchanged 
material and the diketoquinacridone- The latter is easily reduced 
by sulphurous acid in this condition (not so when previously 
isolated and dried), and the dihydroxy'&'quinacndont so 
formed can be extracted with alcoholic potassium hydroxide; it 
crystallises in brownish-yellow granules, decomp. 425^. 

Various products are obtained by the action of potassium hydr- 
oxide on 4:5-diketo*0-quiiiacridone. Boiling with alcoholic solu- 
tions gives quinacridonic acid ; prolonged boiling with 2’5% aqueous 
solutions produces the pale yellow diquinolonyltneglycollic 
^ „ .NH-C‘C(OH)(C02H)-C-CO.. ^ „ -L • V 1 


dioxide on heating and changes into diqninolonylencmrhinol, 
orange-red needles, m. p. 456 — 459° {pvl««sium salt, red needles, 
with 2 H 2 O). J. C. W. 

Syntheses of 1 ; 3-Dihydroxybenzo-2 : 5-naphthyriduie 
fl : 3-Dihydroxy-2 : 5-naphthadiazine] and a New Angular 
System of Five Nuclei, namely, Diquinopyridone. St. vos 

Niementowski and Ed. Sdchauda (Ber., 1919, 52, [B], 484—492). 
— The condensation of o-aminohenzaldehyde with 2:4: S-trihydroxy- 
pyridine or glutazine difiers somewhat from the reaction given by 
anthranilic acid (A., 1917, i, 477). Besides the expected 
1 :3-dihydroxy-2 : 5-naphthadiazine (I), there is also formed a new 
pentacyclic compound, “diquinopyridone” (II). The former is 

OH 


N 



(I.) 

practically insoluble in glacial acetic acid, but readily soluble in 
alkali hydroxides, whereas conditions are reversed in the case ot 
the second compound. 

l:3'Dikydroxy-2\5-‘na2fktfiadiazinc (called “ 1 : 3 -dihydroxy- 
benzo-2 :5-naphthyridine'’) crystallises in scarlet, needle-like aggte- 
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/\/V\ 

K/\J\J 

N 


iNH 

!oh 


■ Ji “r,!: 

bj heating tnth hydrochWie aetd in a sealed tube luteTralthyb 
quinoline and M niethylquinoline-3-carboxylic acid, and bv boilino- 
with 25% sodium hydroxide into 3-carboxyl 
^ quinolyl-2-ac6tic acid ( ?), ^ 

COjH-CjHsN-CHj-COaH, 

Because of its deep red colour and its 
behaviour towards acyl chlorides and hydro- 
lytic agents, the compound may probably have 
„ ■ •. a quinonoid configuration (annexed formula) 

D,„yndon, (II crystallises in pale straw-yellow needt 
111 . p. 312—314 , and forms a dihydrochloride, but no acyl deriv- 
atives. ^ 

Vat-li^ Reduaiou Products of the Tripheoylmethane 

this ''Oh, 1 , 99),— The basic tnphenylmethaue dyes are readily 
reduced by sodium hyposulphite in aqueous-alkaline solution to 
colourless salts which are re-oxidised to the dyes with extra- 
ordmary rapidity by air; the property is shared by the acid dyes 
inch ^ aurin, the phthaleins, and fluorescein, which, however 
somewhat more slow y attacked by the alkaline reducing agent 
The pure salts have been isolated in the cases of crystal- 

“ft and , appear to be derived from the 

tnarylmethanesul^phinic acids or the isomeric sulphoxylic esters’ 
*’''® reaction consists in the addition 
at either end of the quinonoid system, followed 
by the ehmmation of sulphur dioxide and sodium chloride When 

solutions 

ose their autoadisahility ; ,n the case of the basic dyes, the leuco- 

1 'ft ’ tl'n acid 

pHw leuco-compound. The sulphinic group is 

beeTfefiniW , T**® autoxidatio/ has^ not 

Sns coT°J » P P"-“-Pi^‘® ''’tich is formed 

on ams considerable quantities of carbiuol, which, however, is not 
primary product of tlie change. g; Tjy 

''®^ Merkatz {Ber., 1919, 52, TBI 
II plates or long 

cMorid^nn' , >s prepared by the action of phosphoryl 

onde on sodium ethylbarbilvrate ( + 2H,0 from aqueous sok- 

ordiLv concentrated alcoholic ammonia at the 

“'Odles^ m "r’^oVr® oris 2;6-<ftrWor(f4-amwo-5-ct/(.yf;,yri:miAuc, 

■ ni. p. -,14—216'’. Fuming hydriodic acid reduces the 
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latter substance to ^-iodo-iromino-^^ethylpyrimidi/ne hydriodidi^ 
m. p. 204 — 206°. The corresponding base forms small needles, 
m. p. 191—193°, and yields a crystalline hydrochloride, ylatint. 
chloride, and aurichloride ; when treated with, zinc dust and water, 
it gives the zinc doable salt of 4'amino-5-ethylpyrimidine, needles, 
m. p. 233—236°; the free base has m. p. 163° and yields crystal- 
line auri- and jdatini-chlorides. The presence of the amino-groap 
in position "4” in the pyrimidine ring follows from the non- 
identity of the compound with 4 : &-dichloro-%-amino-b-ethjl. 
■pyrimidine, which is synthesised in the following manner. 
Guanidine is condensed with ethyl ethylmalonate to form 2-aimn(i- 
4 : %-dihydroxy-5-ethylpyrimidine, which is converted by phosphoryl 
chloride into 4 : e-dichloro-2-amino-5-ethylpyrimidine, needles, m. p. 
191„1920. the latter is reduced by zinc dust to 2-amino-5-ethy!- 
pyrimidine, m. p. 142—143°, which forms double salts with 
mercuric, gold, and platinic chlorides. $-Chloro-2 ■■ i-diamino-b- 
ethylpyrimidhic is prepared by the action of alcoholic ammonia 
on 2 ; 4 : 6-trichloro-5-ethylpyrimidine or 4 ; 6-dichloro-2-amino-o. 
ethylpyrimidine; it forms plates, m. p. 183° (the hydrochloride, 
needles, the ^dntinichloride, yellow octahedra, and the picrate are 
described), and is reduced by hydriodic acid and phosphorus to 
2:i-diamino-o-ethylpyrmidine, m. p. 149—151°. i : S-Diamm-b- 
ethylpyrimidine forms double pyramids, m, p. 233 — 235°; the 
hydrochloride, nitrate, long needles, cmrichloride, small, yellow 
needles, and platinichloride, yellow rods, are described. 2:4;6- 
Triamino-5-etliy!pyrimidine, m. p. 190° (corr.), is obtained from 
2:4;6-trichloro-5-ethylpyrimidine and alcoholic ammonia at 210°, 
and is most readily purified by means of the nitrate, it separates 
from water +1H„0, gives a readily soluble hydrochloride, 
CjHulir5,2HCl, a platinkhloride, yellow needles, an aurichloride, 
minute needles, and a crystalline picrate. 

The action of an alcoholic solution of sodium methoxide on 
2:4:6-trichloro-5-ethylpyrimidinc leads to the successive replace- 
ment of the three chlorine atoms by the methoxy-group, whereby 
(probably) 2 : %-dichloro-i-methoxy-5-ethylp;/rimi4ine, small needles, 
m p 55—57°, 6 -chloro- 2 :i-(l,imelhoxy-b-ethylpyrimidme, long, 
colourless needles, m. p. 33-34°, and 2-.i-.Urimelhoxy-5-ethf- 
pyrimidine, slender needles, m. p. 67—68° (crystalline salts with 
gold, platinic, and mercuric chlorides), are formed. The constitu- 
tion of the second of these substances follows from its reduction 
to 2'.i-dimethoxi/-5-cthylp>irnnidiiic, b. p. 234 236° (corr.) ( e 

aurichloride and platinichloride salts are crystalline), and demet-liyl 
ation of the latter to ,5-ethyluraci1, m. p. 300—303° (dteomp.). 

Attempts to prepare derivatives of 4-ph6nyl-6-methylpyrimidiiip 
by the condensation of henzoylacetone with carbamide aid not lea 
to the desired result; by using thiocarbamide, however, the thio 
pyrimidine was readily prepared, in which the 
was replaced by the hydroxy-group by treatment with d » 
anueous-chloroacetic acid solution in accordance with the direc« 
of Wheeler and Liddle (A., 1908, i, 693); it is interesting to no« 
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that the thioglyoollateB, aaaumed by these authors to be formed as 
atermediate Producfa are actuaUy isolated in the present instTnce 
'l-fhd-^^ny^&^ethylpynmtdine forms amber-coloured rhombs, 

®ii^' ’^‘^’^^V-i-pkenylr&inethylpyrimidine crTOtallises in 
yellow needles m. p. 228-229° (hydrochloride, long n edle 
pcrate, crystalline aggregates; platinichloride, granular- onri- 

cWoride ™all “^s) ‘^^Morori-phenyl-^-methylpyrimidine has 

m p. oO 51 (hydrochloride colourless needles) ; it is reduced bv 

hydriodic a^ and red phosphorus to 

(hydriodide, yellow crystals; the atirichloride 
platmicMonde, and jncrate are crystalline). jj ’ 

Condensation of l-Phenyl-3-methylpyra2ol-5-one with 
Anhy^ides. ^ahat Cdandr* Chattekiee Ananua KisIorp 
Das (J. Amer. Chem. Soc., 1919, 41, 707-709)._Antipyrine cZ' 

denses with phthalic anhydride 






>„^CO-NPb 

^^<C.Me:N 


(2 mols. to 1) at 180° to form 
a compound of the annexed 
formula, which crystallises in 
bright red needles, m, p. 212°. 
Succinic ^ anhydride at 165° 

10,1 Tj ■ , 1 • , ® componnrf m. p. 

184 . Benzoic and camphoric anhydrides give no definite products 

J. C. W. 

Condensation Products from Amine Salts, Formaldehyde 
md^tipyrme. C. Ma-yiCH and B. Kathek (Arch. Pharm., 1919' 
<50/, ic OO. Compare Mannicb and ICroscbe, A., 1913 i lOlC 
— Antipyriue and formaldehyde- react readily with the' salts of 
secondary and primary, but not of tertiary, amines in aqueous 
solution, forming salts in which the hydrogen atom attached to 
the 4C-atom of antipyrme is replaced by the methyl group. (For 
the radicle, -CHj-CuHnONj, the nomenclature antipyrinomethyl- 
is proposed.) Direct condensation between formaldehyde and anti- 
pyrme can frequently he completely prevented or hindered by 
addition of a small quantity of pyramidone to the mixture. The 
substances behave similarly to those obtained from ammonium 
chlond^ and are decomposed into the constituents by sulphurous 
acid. The new bases are somewhat closely allied to pyramidone, 
but, however, do not show any antipyretic action. Their form- 
ation appears to depend on the mobility of the hydrogen atom 
rahuencrf in antipyrine by the proximity of the double bond and 
s carbonyl group ; attempts to obtain similar derivatives from 
substances similarly constituted in this respect failed in the cases 
M l-ph6nyl-3-methylpyrazol-5-one, 1 -phenyl-5-methylpyrazol-3-one, 
dimethylaniline, and barbituric acid, but succeeded -with malouic 
acid and its monoalkyl derivatives and with l-phenyl-2 :5-dimethyI- 
pyrazol-3-one. The following individual substances are described: 

^'^‘<P!/rii‘Omethyldimetkylamme, small 
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prisms, m. p. 93 — 94“ which do not yield the colour reactions of 
antipyrine, and are decomposed into other components ty 
boiling dilute hydroclrloric acid (10%) or by sulphurous acid; 
h i/drochloride, fine needles, m. p. 208°. ISismilipyntiomethylmetliyj. 
amine, NMe(C)d. 2 *Cn^n^^ 2 )s' ( + 2H20),m. p. 111°. Anti- 
pyrinomefhyJdieihylnmine, short prisms, m. p. 68°. BuantipyriiiQ. 
methyl eihylamine, slender needles, m. p. 143°. Bisantipyrino- 
methyldllylamine , shining prisms, m. p. 163“ (the base unites with 
two atoms of bromine in chloroform solution, but the product is 
not crystalline). Ethyl bisantipyrinomethyldminoacetate, needles 
grouped iu rosettes, m. p. 174°. Bisantipyrinomethyl-SiC-tetrahydn- 
%mphthylamine, small, shining leaflets, m. p. 217°. Antipyrino- 
methyl^peridine, plates, m. p. 99°. Antipyrinomethyltetrahydro- 
quinoline, slender needles (d-lFljO), ra. p. 153°. Bisa-ntipyrim- 
methyl^m-aminoacetophenone, slender needles, m. p. 93°; hydro- 
chloride, small leaflets, m. p. 96°. Tetra-antijnyrinornethylethykoc- 
diamine, shining prisms, m. p. 179°. Buantipynnomethylpiper- 
aeine, m. p. 248° (prisms d-d'SHoO). Antipyrinomethylmethyl- 
aniline, small prisms, ra. p. 140°. iso Antipj/rinomethyldimethyl- 
NPbriMo 

amine, ^jj"_^g>C-CI-l 2 -NMe 2 , small prisms ( + IHjO), m. p, 66° 

Condensation products could not be isolated from antipyrine, 
formaldehyde, and hydrazine hydrochloride or guanidine hydro, 
chloride respectively. H- W. 

Preparation of Monoazo-dyes. Farbenfabeikes vorm, Frieds. 
Bayer & Co. (D.R.-P. 309951; fromCAem. Zentr., 1919, ii, 179).- 
Diazotised 5-nitro-2-aminobenzamides, iu. which the two hydrogen 
atoms of the amino-group are replaced by alkyl, aryl, or aralkyl 
groups, are coupled with the sulplionic acids of jS-naphthylamins or 
its derivatives in acid solution. The products dye wool in red to 
violet shades from an acid bath, and the dyes are fast to light and 
rubbing. The nitro-2-aminobenzamides ai e obtained by the action 
of secondary aliphatic or aromatic amines on nitroisatoic acid. The 
following individual .members are described : 5-7ii*ro-2-«m!noi/c)!r- 
methylanilide, m. p. 183—184°; b-mtro-2-aminoben.zeihykmhdt, 
m. p. 144 — 145°; b-nitro-2-aminobenzdimethylamide, m. p. 
213 — 214°; h-nitro-2-aimnobenzpiperidide, m. p. .163—164°; 
b-nitro-2-aminohenzethyl-o-ioluidide, m. p. 147 148°. H. W. 

Formation of Diazoamino-compounds from /3-Naphthyl- 
amine. George Marshali, Normar (T., 1919, 115, 67.3 — 679). 

Extension of the Theory of Isoelectric Point. Competitive 
Action of other Ions ■with H'- and OH Tons in the Precipita- 
tion of Denatured Albumins. Leonor Michaelis and Petbe 
Rona (Biochem. Zeitseh., 1919, 94, 225— 239).— The coagulation 
of denatured albumins is dependent on the hydrogen-ion concen- 
tration. Salts may exert a two-fold action. First, it is shomi 
that other ions than H’ and OH' ions may exert an influence on o 
process. In general, anions displace the optimal hydrogen-ion con 
centration for flocculation towards the acid side, whereas cations 
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exert an opposite effect The action of the ions is in accordance 

”ay ^e an inhibition or 
strengthening of the maxima] precipitation at the isoelectric point 
as compared with the maximum precipitation in the absence of 

inhibitory influence, that of 

^Vse^efflct’*' fff metals bring about the 

reverse effect. Of the aniona, chlorine and bromine inhibit whereas 
the iodine and CNS ions do not. These actions are a result of a 
competitive process between other ions and the H' and OH' ions 
ioT the protein which can bind or adsorb them in different amounts 

“’’n investigation of 

the adsorption of ions by simple adsorbents, J D 

Lysine as a Hydrolytic Product of Hordein. Cahl O Touv= 
and A. J. Finks (J. Biol. Chem., 1919, 38, 63— 66)._Aualvses of 
hordein by the method of Van Slyke indicate that the basic Lino- 
acids are pr^ent in the following proportions: cystine 1-18%, 
argmine 2 82/,, histidine 2-27%, and lysine 0-89% The free 
ammo-nitrogen present in this protein cortesponds with one half the 
lysine nitrogen. 

These values agree with those representing the distribution of the 
basic amino-acids in gliadm from wheat. J. C D 

C^em. L. A. Maynard {J. physical Chem., 1919,23, 145—153) 
--The author h^ repeated and confirmed the work of Plimmer and 
Bayhss (A., 1906, i, Sfl.o) on the action of 1% .sodium hydroxide on 
casern. It is also sho.vn that the phosphorus of the casein mole- 
cule 13 split off and changed into a soluble inorganic form by the 
art.™ of 1% sodium hydroxide at 25° for long periods of time. 
At the same time, the loosely oombined sulphur is also split off 
On the addition of acids to the sodium hydroxide digest at the 
end of the digestion, a white precipitate is obtained which, although 
not identified, has been examined with reference to its dissimilarity 
from casein. It exhibits colloidal properties similar to those of 
casein as regards its behaviour with acids and bases. It responds 
to the various protein tests in the same way as casein, and is 
“a'"' solubility in various reagents 
arkedly different from that of casein, and a solution in lime- 
ater IS quite different from a similar solution of casein When 
phosphoric acid was introduced into a lime-water solution in 
til7» colloidal solution, a milky solu- 

a In i evidLce 

m support of the hypothesis that the white colour of milk is due 
of calcium phosphate by the colloids in the milk, 
substance to adsorb phosphoric acid were 
a comwlt- f Penments do not necessarily show that such 

‘ f not present in casein, for both- sulphur and 

that 1^ '’y sodium hydroxide, and it may be 

that their presence is essential for the adsorption of phosphorus. 

J. F. S. 
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Hesmocyanm. I. Redaction of Oxyheemocyanm by 
Physical and Biological Means. Filippo Bottazzi (/, Physiol. 
Pathol, gen., 1919, 18, 1 — 7). — According to Alshcrg and Clark 
(A., 191S, i, 67), oxyhEcmocyanin of Limnlus scarcely gives up auv 
oxygen in a vacuum. The author finds this to be the case for 
Octopus blood, unless it is exposed in thin layers to a very high 
vacuum, when it is slowly, hut completely, decolorised by loss of 
oxygen. This reduction is also effected by the living leucocytes 
even if they are collected as a deposit by centrifuging. If the 
leucocytes are killed by acids, chloroform, ether, formalin, or are 
completely removed after centrifuging, the blood remains blue. 

G. B. 

An Optically Inactive Sodium Nucleate. R. Feulgss 
{Zeitsch. physiol. Chem., 1919, 104, 189 — 210).. — The preparation 
of a sodium salt of thymus-nucleic acid is described which is optio 
ally inactive and will not gelatinise. On the addition of acids, 
the activity and power of gelatinisation return, and the changes 
are reversible. The acid groups which hold the sodium in the 
alkaline salt must be very weak, for the addition of carbon dioxide 
or acetic acid results in the formation of the active salt. A number 
of observations are recorded which indicate that the structural 
changes which underlie the changes in physical properties may 
occur without corresponding changes in the degree of dissociation 
of the weak acid groups. It is suggested that these groups are not 
free in the active molecule, but that they are bound in a form 
which is sensitive to alkalis, acids, or rise in temperature. 

J. C. D. 

Adenine Mononucleotide. Walter Joses and R. P. Ke.vxem 
(Journ. Pharm. Exp. Ther., 1919, 13, 4a — 53. Compare this voL, 
i, 294). — When a neutral or faintly alkaline solution of nucleic 
acid is oxidised with potassium permanganate, the various groups 
are destroyed in a definite order, and a residue is obtained from 
which no cytosine, uracil, or guanine can be isolated after acid 
hydrolysis. From this residue, an adenine mononucleotide has 
been isolated crystallising in needles, and giving rise to a crystal- 
line brucine salt, m. p. 173 — 174°. On the grounds that the 
nucleotide is a dibasic acid and that it yields adenine on mild acid 
hydrolysis at a much more rapid rate than it does phosphoric acid, 
it is concluded that the structure must be 

P0(0H)2-0-C5HA-C5H,N5. 

This formula is in accordance with everything that is known «1 
the substance. J. C. D. 

The Efiect ol Hydrogen Ion Concentration on the Lique- 
faction of Gelatin, Hakrison E. Patten and Alfred J. JOBSSO) 
(J. Biol. Ohtm., 1919, 38, 179 — 190). — The setting of gelatin i> 
influenced by the hydrogen-ion concentration of the medium, 
unless the gelatin is destroyed, this effect is probably revenWe 
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Gelatin jn the concentrations used is not without effect on the 
buffer solutions, displacing the ft, in such a manner as would be 
expected from an aggregate of amino-acids acting amphoterically. * 

j. c. d; 

I^w Theories o! the Formation and Action of Diastase. 

j. Wohlgemuth {Biochem. Zeitsch., 1919, 94, 213 — 224V— The 
author cannot confirm the work of Biedermann (A., 1916 i 621 
who found a diastatie action in boiled starch solution. He is also 
unable to confirm the experimental results of Woker (A 1916 
i, 61, 447) who claimed that formaldehyde could exert Tdiastatic 
action. The severe criticisms of the latter author's work advanced 
by Kaufmann (A., 1916 i, 62) are supported. A quantitative 
recovery of starch may be effected after treatment with form- 
aldehyde for twenty-four hours if the aldehyde is removed bv 
pheuy hydrasine and alcohol. The starch so recovered gives the 
typical reactions. The action of the formaldehyde must be as 
Kaufmann sugpstcd, due to a combination with the groupings 
Trhicn react with iodine. T C D ^ 

Fixation of Porm^dehyde by Enzymes. Th. BoKOK.Nr 
(Bmhem ZeiUch 1919, 94, 69-77).-The fixation of form- 
aldehyde by emulsm was studied quantitatively, and from the 
amount found, assuming that combination of the aldehyde and free 
amino-groups in the emulsin occurs, it is estimated that i% of the 
eiizjTnc is represented by such groups in a reactive state Previous 
experiments (A. 1915, i, 1018) gave a lower percentage, hut this 
may be due to differences in the purity of the two praparations. 

1 he author interprets these and other results as evidence that 
eiiiulsm possesses a protein nature. J. C D 

Biochemical Synthesis of Cellobiose by means of Emulsm. 
fni'r and .M. Biudel (Compt. nwi., 1919, 168, 

I016-I019).-From the residue left, after extracting gentiobiose 
and the mono- and di-glncosides of ethylene glycol obtained in the 
action of emulsm on a mi.xture of ethylene glycol, dextrose, and 
aqueous alcohol (see this vo!., i, 137), the authors have now isolated 
and characterised cellobiose. yy q 

Oxidising Enzymes. I. The Nature of the “ Peroxide ” 
in J Associated with certain Direct Oxidising Systems 
I Tf' AVheldale Onslow (Bwc/im. J., 1919, 13 

ZJ' ^‘ssues of certain plants (pear, potato, apple, and' 

ni,nL S'''.'' reactions are extracted with 

'i Jcnioved which is part of the system 

in«l Ibii f cfa'tions. An aqueous extract of the alcohol 

1 1^1 t^a,rken on exposure to air, nor will it 

oi-Mfi I- J guaiacum tinct-ure until hydrogen per- 

r-erovd, aqueous extracts, which contain the 

' .1 se, are treated with catechol or protocatechiiic acid, they 
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darken on exposure and will give tlie guaiacum reaction. Tlie pear 
oxydase added to a crude solution of caffeic acid, followed by 
guaiacum tincture, gave a bjue colour. There is reason to believe 
that the tissues of all plants which turn brown on injury and 
give the direct reaction with guaiacum will behave in the same 
manner with catechol and subsequently towards guaiacum. 
Tissues of plants which normally do not give the direct oxydase 
reactions failed to yield extracts which oxidised catechol. It is 
possible that tannin may exert an inhibitory action in some cases. 
A substance is extracted from pears and potatoes by hot alcohol 
which is precipitated by lead acetate, is soluble in ether, and gives 
the reaction with ferric chloride and sodium carbonate character- 
istic of the orthodihydroxy-grouping of catechol. 

The direct oxydases of plants prepared by precipitation of the 
expressed juices with alcohol have been termed laccases, but it 
appears probable that these complexes are precipitates containing 
the crude peroxydase and, in addition, the oxidised aromatic sub- 
stance in an adsorbed condition. The conception of the oxydase 
system as formulated by Bach and Chodat is extended. The direct 
oxydase system in the pear fruit and potato tuber is due to the 
presence of peroxydase and an aromatic substance, giving reactions 
characteristic of the catechol grouping. On injury, the per- 
oxydase activates the oxidation of the aromatic substance, with 
the formation of a peroxide. The peroxide-peroxydase system so 
formed will then give a blue coloration with guaiacum. 

J. C. D. 


Physiological Chemistry. 


Non-protein Nitrogen of Human Blood. Joh. Feigl 
{Biochcin. ZeiUch., 1919, 94, 84— 128).— A detailed discussion of 
the significance of variations in the non-protein nitrogen of the 
blood, with especial reference to pathological conditions. 

J, C. B' 

Formation of Glycogen and Sugar at the Expense of Fats. 

IUphael Dubois (Oompt. rend. Soc. Biot., 1918, 81, 689—691, 
from (Jhetn. Zenfr., 1919, i, 113).— The author’s experiments, since 
1888, with the marmot lead him to the conclusion that sugar and 
glycogen can be formed directly from fats and indirectly from 
proteins. 

The Fat-soluble Accessory Substance . I . Its Natuw and 
Properties. Jack CsaL Drummond {Biochem. 191d, 
gl_94).— The fat-soluble accessory growth-promoting factor as 
present in animal fats is not as stable to high temperatures as a. 
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growth Stimulating action of the factor present 

f iTnno fn? f f * destroy^ by exposure to a t^pera- 
tare of 100 for as short a time as one hour. Lower temperatarei 
may cause destruction, but the process is not so rapid In the 
case of whale ml exposure to 37° for several weeks was found to 
cause a great deterioration in the amount of the accessory factor 
present. As far as could be ascertained, this was not due to 
changes of an oxidative or hydrolytic nature. The vitamine is not 
extacted from oils by water or dilute acids, but it may be partly 
removed by extraction with alcohol. Saponification of oils con 
taming the accessory factor, even when conducted at the ordinary 
temperature and in the absence of water and o.xygen, results in 
disappearance of the growth-stimulating properties. Fat-soluble A 
could iiot be identified with any known components of fats or 
mth subs^nces fr^uently associated with fats, such as cholesterol 
phosphatidfs, or pigments. It is suggested that the vitamine ina^ 
be an ili-uenned body resembling an enzyme. »T 0 D 

The Fat-soluble Accessory Factor. II. its Rdle in 
Nutrition and Influence on Fat Metabolism. Jack Cecil 
Drummond {Bxochtm. J., 1919, 13, 9.5— 102) .--The fat-soluhle 
vitamine is necessary for maintenance of health in the adult 
although for this purpose relatively smaller quantities are required 
than are necessary for growth and well-being in the young. No 
obvious pathological teion has been observed to be a specific result 
of a deficiency of this accessory factor, but animals so deprived 
show a very much impaired resistance to bacterial invasion No 
direct connexion between the fahsoluble A and fat metabolism 
could be traced. Absorption of fat or fatty acids from the 
intestinal tract is good, even when the animals are showing a 
decline in health as a result of the deficiency of this vitamine 

J. C. D. 

Role of the Antiscorbutic Factor in Nutrition Jack 

(.V.CIL Drummond {Biochem. J., 1919, 13, 77— 80).— The dietary 
requirements of the higher animals include, in addition to a satis- 
lactonly balanced ration of proteins, fats, carbohydrates, and 
imneral sa ts, an adequate supply of three accessory food factors : 

(1) fahsoluble A ; (li) water-soluble H ■ (iii) the antiscorbutic factor, 
or water-soluble C. This confirms the results of Harden and Zilva 
(tins vol., 1 , 186). J C D 

Is Lactalbumin a Complete Protein for Growth ? A. D. 

hJiMETT and G. 0. Luros {J. Biol. Chem., 1919, 38, 147 159).— 

actaihumin is a complete protein in the sense that it is not iLk- 
M nitrogenous cleavage product necessary for 

sjowt.n Under some conditions, however, diets containing lact- 
.ramiii as a sole source of protein do not permit good growth in 
asl McCollum, A„ 1919, i. 186). This is explained by 
U,g that lactalbumin is either sensitive to certain toxic sub- 
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stanoea or that it is a protein unable to adsorb a vitamine other 
than water-soluble B. Lactose added to such unsatisfactory diets 
#ias a good effect, which may be due either to its power of over- 
coming the toxic agent, or to it carrying a water-soluble vitamine 
other than water-soluble B. J. C. D. 

The Retention Power of the Kidney for Dextrose. Can 
the Calcium in the Perfusion Fluid be Replaced by 
Strontium, Barium, or Magnesium ? H. J. Hamburger and 
C. L. Alons {Biochem. Zatxch., 1919, 04 , 129 — 130). — The author 
has previously shown that dextrose may be retained by the frog's 
kidney perfused with a ntodibed Ringer’s solution (Hamburger 
and Brinkman, Proe. K. AhaJ. Wetensch. AmMerdam, September, 
1917). When the perfusion fluid contains 0-06% of dextrose and 
the calcium is replaced by an equivalent amount of strontium or 
barium, the sugar is retained by the kidney, but such is not the 
case when an equivalent amount of magnesium is employed. It 
the solution is hypertonic with regard to dextrose, 0'1%, the same 
amount of sugar is found in the urine whether the perfusion fluid 
contains calcium, barium, or strontium. J. C. D. 

The Formation of Phenol. Midori Tsudji (J. Biol. Ohm., 
1919, 38 , 13—16). — Phenol, but not cresol, is formed from tyrosine 
by the action of Bacillus coli communis. Phenol was not formed 
from phenylalanine. The significance of these observations with 
regard to the formation of phenols in the animal body is considered, 

J. C. D. 

Bioluminescence. Eaphabl Dubois (Compl. rend. Soc. Biol., 

1918, 81 , 484 — 485; from Ghcm. Zenfr., 1919, i, 241). — The in- 

vestigations of Harvey (A., 1917, i, 365; 1918, i. 89) do not justify 
the replacement of the nomenclature " lucif erase ” by another name 
[compare Harvey, this vol., i, 299]. H. W. 

The Relationship between Odour and Chemical Con 
stitution, Thomas H. Durrans (Perfumery and Essent. Oil Bee., 

1919, 10 , 104 — 136). — The author gives a systematic survey of 
various classes of chemical compounds containing only carhor. 
hydrogen, and oxygen, or only two of these elements, and attempt? 
to trace the cause of their odour or the lack of it. certain gener?! 
conclusions being drawn for each class of compound. It is obvior.: 
that certain groups and linkings are sources of odour, but there 
are undoubtedly other powerful influences at work. Woker? 
theory that intramolecularly repelling forces increase the volatility 
of a compound, and consequently its odour, is partly correct, but 
breaks down with certain classes of ring compounds. A moderate 
molecular weight increases an odour, hut a high molecular weight 
undoubtedly suppresses it. Tn certain circumstances, the closing of 
a ring does not alTectthe odour much, although in other not very 
different cases the effect is quite marked. 
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'“■® examined, it 

will be noticed that there 13 always a possibility of unsatisfied 
partial residual affiniUea existing, for example, the* 

oxygen atom the benzene ring multiple linking, etc., all sources of 
odour and all possessing residual affinities.. The author believes 
that suA unsatisfied residual affinities are the prime cause of a 
ehemi^l substance having an odour. If these affinities can be 
satisfied intramolecularly no i^our results. Thus the alcohols have 
unsatisfied residual affinities, the glycols have not; the alcohols have 
an odour, the glycols have not. It 13 necessary to assume that these 


R-OH 


R-OII 

I 0 

K-OH 


residual affinities can, under certain conditions, neutralise one 
another, and thus produce no odour, this neutralisation being 
influenced by the proximity of various groups. Thus with acids 
we may have 


0 I 

R-C — 6h 

(1.) 


.Oil 


(II.) 


abiding as R is a light or a heavy group, substance I having an 
odour and substance II being odourless. On esterifying with an 
alcohol of low molecular weight, odour is again produced, 

W. G. 

Oxyhydrase, an Oxidising Reducing Ferment. Its Anti- 

and J. ALOY (Compt. rend. Soc. 

Bid., 1918, 81, 783—78.5; from Chem. Zentr., 1919, i, 383). A 

feiment is present in milk as well as in other vegetable and animal 
secretions which can reduce nitrates and chlorates in the presence 
of an oxidisable substance (salicylaldehyde, anisaldebyde). The 
ermeut decomposes water with the liberation of hydrogen and 
hydroxyl ions, and thus has reducing as well as oxidising power, 
xyhydrase is a factor in the antitoxic defence of the organism, 
and is adapted to the ansrobic life of the cells. H. W. 


The Quantitative Excretion of Silicic Acid in TTiiTnaTi 

urme. M. Gonxekhanx {Bwchem. Zeitsch., 1919, 94 , 163—173). 

Nonnal human urine contains silica, the e.xcretion of which may 
he raised by the ingestion of certain mineral waters, J. C. D. 


The Treatment of Wounds with the Carrel-Dakin 
feolnUon, K. Otto (Dent, med.- Woch., 1917, 43, 174-175; from 
1919, i, 123). — ^The prescribed method of preparing 
solution IS tM complicated for use in the field, and the following 
hip er process is recommended. Bleaching powder (200 grams) is 
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ground with water and addition of the latter is continued with 
constant stirring until the volume is 7 litres. A solution of sodium 
carbonate (140 grams) in water (2 litres) is added with stirring, and 
the solution is filtered. A solution of boric acid (40 grams) in water 
(1 litre) is added to the filtrate. Since this solution often causes a 
burning sensation it was later reduced to half strength and, in tJiis 
form, rendered good service. Treatment with Dakin^s solution has 
chiefly a prophylactic value. H. W. 

Behaviour of Ciimamic Acid and its Derivatives in the 
Animal Body. Hidezo Ando (J. Biol. Chevi., 1919, 38, 7 — 11).— 
— a-Benzoylaminocinnamic acid and o-benzoylaminocinnamic acid 
were recovered from the urine unchanged after subcutaneous or oral 
administration to dogs or rabbits. Only small amounts of o-benzoyl. 
amino-y^hydroKycinnamic acid could be so recovered. Administra. 
tioiis of cinnamoyltyrosine by the mouth were followed by the 
appearance of hippuric acid in the urine. The substance is appa- 
rently broken down by the animal organism. 

Cinnamoyltyrosine^ 

OH'C5Hj-CH2-CH(CO,H)-NE-CO-CH:CHPh, 
was obtained as its ethyl ester (m. p. 130°) by the action of sodium 
carbonate on .mixed solutions of cinnamoyl chloride and tyrosine 
ester in cliloroform. On hydrolysis with sodium hydroxide, ciunam- 
oyltyrosine was obtained, crystallising in polygonal prisms, m. p. 
166—167°. , J. C. D, 

Metabolism of the Furan and Hydrofuran Derivatives 
in the Animal Body. Nobdyoshi Sdzdki (J. Biol. Ohem., 1919, 
38, 1 — 5). — Hydroxymethylpyromucic acid was isolated from the 
urine of rabbits which had received siib(fiitaneous or oral adminis- 
trations of chitose. J. C, 1). 


Chemistry of Vegetable Physiology and Agriculture, 


Absolute and Relative Disinfecting Power of Elements 
and Chemical Compounds. Hans Fhiedenthal {Biocliem. 
Zeitsch., 1919, 94, 47 — 68). — An exhaustive study of the disinfect- 
ing powers of a large number of products. The relative disinfecting 
powers of the elements in each group of the periodic classification are 
given, as well as information regarding many organic disinfectants. 
[See further, J. Soe. Chem. Ind., 1919, July.] J. C. D. 

The Efiects of Acids, Alkalis, and Sugars on the Growth 
and Formation of Indole by Bacillus coli. Frank John 
Sadler Wyeth (Biochem. J., 1919, 13, 10 — 24). — The activity of 
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Ij, coli in 2% peptone is determined by almost the same initial 
conditions of acid and alkaline reactions as Is the case when fermen- 
tation is conducted in 2% dextrose peptone. The approximate limits 
of initial reaction are p^=i-27 to 9'87. A change of the initial 
reaction of the medium results in a change, similar in direction, but 
smaller in magnitude, in the final reaction of the culture. For B. coli 
grown in 2% dextrose peptone, whilst the initial reactions of the 
media vary from Pjj=4'30 to 9*82, the final reactions only vary 
between j>j[=4'27 and 4'82. When grown in 2% peptone the initial 
reaction may be from p,;=4'30 to 9-37, and the final reaction 
from to 8‘55. 

The proteolytic fermentation resulting in the peptone medium 
causes an increase of final alkalinity, unless the initial reaction lies 
between Pjj=9'37 and 8'48, in which case the final reaction is less 
alkaline than the initial reaction. The saccharolytic fennentation 
of B. eoli in 2% dextrose peptone produces approximately constant 
amounts of acids and no appreciable amount of ammonia; on the 
other hand, when in a peptone medium the organism produces 
ammonia and acids in increasing amounts as the initial reaction of 
the medium increases in alkalinity. Formation of indole is retarded 
by the presence of free alkali or acid, whilst certain sugars also 
inhibit the formation of this substance by depressing the proteolytic 
activity of the bacillus. J. C, D. 

The Action of Electrolytes on the Electrical Conductivity 
of the Bacterial Cell and their EBect on the Rate of 
Migration of these Cells in an Electric Field. C. Sheaese 
(Proc. Cambridge Phil. Soc., 1919, 19, 263 — 266). — A thick, creamy 
emulsion of the meningococcus or B. coli in neutral Ringer’s solution 
(that is, one in which the sodium hydrogen carbonate is left out) has 
a resistance, as measured by electrical conductivity determinations, 
mote than treble that of the same solution without the bacteria. If 
in place of Ringer's solution the emulsions are prepared with a solu- 
tion of sodium chloride having the same conductivity as the Ringer’s 
solution, a liigh resistance is obtained at first, but this rapidly drops, 
and at the end of thirty to forty minutes is the same as that of the 
saline solution alone. Further, it is found that immersion in such 
a solution for several hours kills "the bacteria. If, when the resist- 
ance of such an emulsion in sodium chloride solution has dropped 
to normal, a little calcium chloride is added, the bacterial emulsion 
regains its high resistance and the bacteria are uninjured. Potass- 
ium, lithium, and magnesium chlorides act like sodium chloride, 
'vhilst barium and strontium chlorides act like calcium chloride. 
These results agree with those obtained by Loeb, Osterliout, and 
others with animal and plant cells. 

Tlie positive tervalent ions of lanthanum nitrate, and cerium 
and neo-ytterbium chloride and the negative tervalent ions of 
sodium citrate appear to have no action in increasing or decreasing 
»e resistance of the bacterial cell as determined by the conductivity 
method, when used in very dilute solutions. On the other hand, 
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these salts and especially lanthanum nitrate, have a marked action 
in changing the rate of migration of these bacterial cells in jn 
electric field. The addition of the lanthanum nitrate reduces the 
rate of migration, or, in other words, considerably alters the nature 
of the electrical charge on the bacterial cell wall. W. G. 

Decomposition of Betaine by the Bacteria of “ Guanol " 
a Fertiliser Prepared from Molasses Waste, .\lfhei) Koch 
and Alice Oelsneh (Biochem. Zeitsch., 1919, 94, 139 — 162).^ 
Organisms were found which attack betaine with the formation of 
trimethylamine, ammonia, and carbon dioxide. Methyl alcohol 
formic acid, and acetic acid in small amounts appear to be the inter- 
mediate products in the production of carbon dioxide. [See further 
J. Sac. Clicm. Ind., July, 1919.] J. C. D. 

Action of Mixtures of Certain Salts on the Lactic Acid 
Fermentation. Charles Richet and Henev Cardot (Cornet, rend. 
Sac. Biol., 1918, 81, 751 — 755; from Chem. Zentr., 1919, i, 380).— 
The action of combinations of antiseptic salts on the lactic acid 
fermentation has been examined. Action is not additive ; the more 
potent salt (copper sulphate) behaved after addition of cadmium 
sulphate as if the latter were not present. Addition of the sulphates 
of copper or zinc did not modify the antiseptic action of cadmium 
sulphate. H. W. 

Pumaric Acid Fermentation of Sugar. C. Webmeh (Bet , 
1919, 52, [B], 562—561). — A reply to Ehrlich (this vol., i, 238| 
denying that Rhicojm.i nif/ricans produces fumario acid. J. 0. W. 

Influence of Varying Barometric Height on the Course 
of Alcoholic Fermentation and on Biological Processes in 
General. Auuusr Riprel {Cenlr. Bakt. Bar., 1917, [ii], 47, 
225 — 229; from Chem. ZeiUr., 1919, i, 34). — The curves showing 
loss in weight due to the escape of carbon dioxide during slow ler- 
mentation show distinct zig-zags due to variations in the atmo- 
spheric pressure, the curve sinking with rising pressure and rising 
with decreasing pressure. The natural effect of change of pressure 
on the evolution of carbon dioxide must affect the course of fermen- 
tation in proportion as the yeast is influenced by the degree oi 
saturation of carbon dioxide. The same considerations also apply 
to other biological processes in which a gas is evolved (ammouia, 
hydrogen sulphide, etc.), .and a similar influence must also he opers- 
tive in nature. H- 

Ferment Action. IV. Further Studies on the Adsorption 
of Mixtures of Amino-acids with Polypeptides and Other 
Substances. Behaviour of Amino-acids and Polypeptides 
towards Albumin Solutions, Blood-Serum, and during 
the Coagulation of Sols. Emil Abderhaldes and Axbob Foiob 
(Permentfonch., 1918, 2, 211—224; from Chem. Zentr., 1919, J, 
95- 96. Compare A., 1917, i, 306 ; 1919, ii, 49, 50 ).— The previoM 
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observation fchafc the preaence of carbohydrates diminishes the 
adsorptive power of animal charcoal towards polypeptides, and that 
conversely the adsorption of carbohydrates is adversely influenced 
by polypeptides, whilst in the presence of amino-acids the displace- 
ment of adsorption is one-sided, is confirmed by further examples. 
Thus the behaviour of proline is similar to that of other amino-acids, 
whilst glycine anhydride and pyrrolidonecarboxylic acid behave like 
dextrose. It is found that amino-acids and polypeptides can, in 
certain circumstances, be completely displaced by other amino-acids 
or higher polypeptides without the latter suffering displacement, but 
that the greater number only cause partial displacement. 

The behaviour of various sols in this connexion has also been 
investigated with the possible aim of measuring the rate of adsorp- 
tion and investigating its degree of dependence on the hydrogen-ioii 
concentration of the solution. The sols investigated (ferric hydr- 
oxide, aluminium hydroxide, and arsenic sulphide) did not, however, 
ad^b amino-acids and polypeptides during coagulation. On the 
other hand, glycyl-Meucine ^was adsorbed by coagulating blood 
serum. H. W. 

Ferment Action. V, UHrafiltration Experiments with 
Mixtures of Amino-acids or Polypeptides with Yeast Juice. 
Evidence lor the Colloidal Condition of Ferments and 
Extension of the Adsorption Theory. Emil Abderhalden 
and Andor Fodob (Ferm-entforsch., 1918, 2, 225—250; from Chem, 
Zentr., 1919, i, 96. Compare preceding abstract). — The quantity 
of water employed in the maceration of yeast has great influence on 
the activity and stability of the juice. When ten times the amount 
of water is used, a stable juice, which is immediately active, is 
obtained; when three times the quantity of water is used, the initial 
activity of the juice is alight, but increases rapidly on keeping, and 
finally reaches a maximum which is never attained in the former 
case. Difference appears to depend on an alteration in the state of 
the ferment, for example, its dispersivity with dilution. In this 
connexion, a series of ultra-filtration experiments have been per- 
formed. The extracts, obtained from various dried yeasts, had very 
differing activities towards glycyl-f-Ieucine. Yeast juices mixed with 
the latter or with /-leucine yielded filtrates which were always poorer 
in amino-nitrogen than the original mixtures, the loss being rela- 
tively greater from dilute than from concentrated solution. The 
originally inactive yeast juices also had power of adsorption, and the 
equilibrium is independent of the amount of hydroxyl ions present. 
Adsorption occurs with polypeptides (glycyl-^-leucine) which are 
not attacked by yeast juice. Under equivalent conditions, the 
adsorption of a complex polypeptide is greater than that of a dipep- 
tide, With decrease in the fermentive activity of a juice by age 
on by heat a decrease in adsorptive ca^city is observed which may 
sink to zero. Considered in connection witli the observation that 
adsorption can occur with inactive juices, this leads to the deduc- 

voL. oxvi, i, 7 
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tion that whilst adsorption of the substrate by the colloidal ferment 
precedes fission, the latter process does not necessarily follow the 
former. Further evidence is shown by the behaviour of glycyU- 
leucine, which, at 0°, is adsorbed by yeast extract, but not decom- 
posed. 

The temperature-coefficient of fission of polypeptides generally lies 
between 1'3 and 2 4 according to conditions (yeast extract, tem- 
perature, hydrogen-ion concentration, and substrate). The optimum 
temperature for = 7'50 is between 50° and 55°. 

The chief results of the work in this field are collected and 
reviewed. H. W. 

The Nitrogenous Constituents ol Yeast. Jakob Mbises- 
HETMER (^Zeitsch. physiol. CktM., 1919, 104, 229 — 283). — An inves- 
tigation of the nature of the monoamino-acids present in the pro- 
ducts of autolysis derived from bottom and top fermenting yeasts. 
The estimations were carried out by the ester method of Fischer. 
Glycine, alanine, valine, leucine, proline, phenylalanine, aspartic 
and glutamic acids, tyrosine, and tryptophan were identified. Serine 
and cystine were recognised with less certainty, and there was also 
evidence of the presence of an aminobutyric acid. Glucosamine was 
isolated from the cell residue of the autolysis. J. C. D. 

Enzymatic Power of Yeast. Tu, Bokobny {Allgem. Brau,- 
Hopf.' Zeit., 1918, 58, 1093 — 1094; from Chem. Zenir., 1919, 

9 g! — 97 ). — Experiments are described on the inhibiting action of 
disinfecting agents, even in minute quantity, on tlie fermentative 
activity and other enzymatic powers of yeast. Formaldehyde (0'2%) 
retards growth and fermentation, the yeast is killed, as is also the 
fermentation ferment; 0*05% does not destroy the activity of the 
latter. 0T% Kills zymase within two days, but 1% does not render 
invertase inactive in the same time, sugar solution being strongly 
inverted. It is therefore possible with the aid of formaldehyde to 
prepare a yeast which can invert, but not ferment, sugar. Phenyl- 
hydrazine (0'5%) inhibits the fermentation of maltose, but not of 
dextrose. Fermentation persists slightly in the presence of mercuric 
chloride (0'02%), but is inhibited by 0'1%, although sucrose is still 
powerfully inverted. The action of silver nitrate is similar . Alcohol 
(10%) does not cause a permanent inactivity of zymase within five 
days, and, even after twenty days, slight fermentative power persists. 
Absolute alcohols destroy the power to ferment within ten minutes. 

H. W. 

Alterations in the Metabolism and Cellular Permeability 
at Temperatures near the Freezing Point. E. Paxt.ixeili 
{Atti R. Accod. Unrei, 1919, [v], 28, i, 205-209). -When cooM 
to a temperature closely approaching the freezing point the en o- 
oarp cells of the almond exhibit a progressive increase of the “ 
permeability, which is rendered evident by rapid eniission o wa e 
from the tissue in a dry atmosphere and by exosmosis of substan 
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from fclie tissue immersed in water. This phenomenon is accelerated 
by the preeence of certain compounds which penetrate rapidly into 
the cell, such as glycerol, ethyl alcohol, citric add, and free alkali. 
Such increase in cellular permeability is accompanied by rapid 
destruction of the sugars; this effect may be restricted by supplying 
either substances capable of being absorbed and utilised for the 
respiration, for instance, glycerol, ethyl alcohol, or citric acid, or 
substances which retard the exosmosis of the sugars, or intermediate 
products of the respiration, such as sodium chloride, potasdum 
phosphate, and citric acid. Sugars (sucrose, dextrose) present in 
the external liquid do not exert a similar restricting action, since 
they are not absorbed. A further phenomenon caused by the low 
temperature is intense auto-digestion of the proteins, this being 
enhanced by exosraosis of the soluble products of the digestion and 
bv rapid destruction of the sugars. T. H. P. 

Influence of Fluorides on Vegetation. A Preliminary 
Experiment in Flower Pots. Armand Gautirr and P. 
CI.AUSMANN (Compt. refjd., 1919, 168, 976— 982).— As the result 
of pot trials, using wood charcoal to which the necessary nutrients 
had been added as a culture medium, the authors find that fluorine 
in the form of potassium fluoride exerted a favourable influence 
on the growth of seven species of plants, had no effect on three, 
and caused a lower crop yield in the case of three, W. G. 

Comparative Rate of Absorption of Various Salts by 
Plant Tissue [Carrot and Potato). Walter Stiles and 
Frankltji Kidd (Proe. Bop. Soc., 1919, [7?], 90, 487 — 504). — The 
rate of absorption of various chlorides, sulphates, nitrates, and 
potassium salts from solutions of 0'02.V-concentration was 
measured by the electrical conductivity method. A rapid with- 
drawal of salt from solution occurred during the first few hours, 
after which the absorption proceeded to an equilibrium over a 
period of several days, the curve being approximately logarithmic 
in the latter case. Cations were absorbed in the orders K. Ca or 
Na. Li, Mg or Zn. Al, and K, Na, Li, Ca, nr Mg, and anions in 
the orders SO^, NOg, Cl, and NOg. Cl, SO<, during the initial and 
equilibrium periods respectively, these results being generally in 
agreement with those obtained by Riihland, Pitting, Pantanelli, 
and Troendle, who failed to differentiate between the initial and 
equilibrium stages. The rate and extent of intake of one ion of 
a salt were found to be influenced by the nature of the other ion, 
and, as previously observed by Rofchert and Meurier in the case 
of aluminium sulphate, aluminium was absorbed much more 
rapidly than its anion. According to Troendle, the rate of absorp- 
bon of the metallic ions in any group of the periodic classification 
increases with the atomic weight. It is pointed out that although 
this view is not contradicted hy the present results, the latter show 
f^qually that the initial rate of absorption is largely dependent on 
ihe mobility of the ions or Jiffusibility of the salt, and that the 

g 2 
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position of equilibrium appears to be governed by some quijj 
different property, since at this stage the bivalent ions, Ca, Mg, 
SO, are absorb^ to a much smaller extent than the univaleat 
ions, K, Na, Cl, NO3. W. E. F. P, 

Fatty Oa from the Seeds of the ^uing PrimroM 
[Oenothera biennis], and a New Linolenic Acid, a 

Heidusohka and K. Luft (Arch. Fharm., 1919, 267, 33—69).- 
The air-dried seeds of the evening primrose contain water (13-95%), 
crude proteins (13-38%), fat (16-93%), fibre (14-56%), nitrogen-tree 
extractives (36-03%), and ash (6-15%). The oil was obtained by 
extraction of the crushed seeds with ether, and formed a golden- 
yellow substance resembling poppy oil in taste and odour; it 
remained completely liquid at 0°, but a few solid particles separated 
at -11°. It had 0-9283, n^'-lAin, acid number 0, saponij. 
cation number 195 2, Reichert-Mcissel number 2-61, PolemH 
number 0 57, iodine number 148-92, Hehner number 94-94, acetyl 
number 13'9. It was optically inactive and a member of the cUsi 
of drying oils. The volatile fatty acids consisted mainly of heroic 
acid (0-81%). Separation of the unsaturated and saturated fatty 
acids -was effected in the usual manner by means of the lead salts, 
and the former were brominated in glacial acetic acid-ethereal 
solution. Under these conditions, a sparingly soluble hcxalrtmt- 
yAinnUnic acid, microscopic needles, m. p. 195 196° (decomp,), 
separated which, when treated with zinc and alcohol, yielded 
y-Hnohnic acid as a yellow substance of unpleasant odour. Tetra- 
bromo-o-linoleic acid, tetrabromo-/3-linoleic acid, and dibromo-oleii 
acid were identified in the filtrates from hexabromo-y-linolenit 
acid The unsaturated fattv acids contain y-Hnolenic acid (2-60%), 
o-linoleio acid (30-20%), ff-linoleic acid (38-11%), and oleic acid 
(29-19%). Oxidation of the imsaturated fatty acids with perniaj- 
ganate yielded dihydroxystearic acid, a mixture of tetrahydroxy 
stearic acids, and y-hcxahydro.tyctenric acid, minute needles, m. p. 
245° (decomp,). 

Fractionation of the saturated fatty acids from alcohol or by 
means of their magnesium salts led to the isolation of palmitic acid 
and a substance the properties of which agree with those of daturio 
acid ; theoretical considerations caused the authors to doubt th 
natural occurrence of the latter acid, and experiments on the frat- 
tional distillation of the substance with steam showed that the 
“daturic acid” obtained from the evening primrose, at any rae, 
was a mixture of palmitic acid (and possibly stearic acid) will 
acids of greater molecular weight. , . 1 j 

The unsaponifiable matter of the oil contained phvWer* 
(2‘27%), the acetate of which had m. p. (corr.). H. 

Investigations on the Anthocyanin Metabolism on 
Basis of the Chemical Properties of the Anthocyanm G wup. 

K. Noaok (ZeiUch. Bat., 1918, 10, 561-628; from Physiol -W 
1919, 4, 99). — A study of Pclygomtm compactum and va 
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raeonm species and varieties. In the first days, leaves of Poly 
,omm comvactum Uyo an intense red coloration, ^hich fadL awfv 
in the following days, and the leaves finally become ere4 The 
following ezplanatmn of this phenomenon is suggested. Antho 
cyanin is dissociated by means of an enzvme into 
and sugar. The anthocyanidin is isomerised into a colourlws 
pseudo-base, and this dunng ite oxidation, can become transf“ 
into a yellow pigment which, by photochemical reduction, may aTak 
give the pseudo-base of anthocyanidin. The amounts of aS 
iidin and its oxidation product vary inverselv with 


give .nv U. anmocyanidin. The amounts of antho- 

ryamdin and its oxidation product vary inversely with one another 
The v»n»tions are influenced by light, since the pseudo-base L 
formed by photimhem.cal reduction of the oxidation product of the 
pigment. In the dark anthocyanidin is again oxidised this 
process being accelerated by heat, light and temperature thus 
having an antagonis ic action. An oxidation product of anthm 
cyanidm but not anthocyanidin itself, is found in the vegetative 
organs of various fticomo and the amount of this oxidation prc^ 
due varies directly with the amount of anthocyanin in the plant 
In the flowers, in addition to the oxidation product, the anthol 
cyanidm pseudo-hase may occur, but only in small quantities 3 

particularly in the layers immediately beneath the skin, has been 
Huently observed. It is now found thal vanillin can also be 
hlue blossoms fbut not from the white 
ines), It disappears fairly rapidly from the plucked flowers. 

H. W. 

Preparation of Sucrose from Plants. E. Wintbrstein 

Zeitkch. phi/stol. Chem., 1919, 104 217 figi __ti,. .ii,. 

racted fruits of Snphidv!, vtilk were extracted with boiling alcohol 
the presence of potassium carbonate. The filtered extranet after 
uentration, was treated with freshly precipitated lead hydroxide 
01 SIX days. From the lead-free filtrate, a fraction was obtained 

J. C. D. 

^tract o{ Ragweed Pollen. Fhedkbick W. 

917 i fill”'" Compare A., 

iorcolaied w it ^mnles of ragweed pollen have been 

lid the re iri ** alcohol (loss in weight, about 22%1. 

0 ) water ?iiT macerations witli 

'he aqueniil 1. t potassium hydroxide, 

oaoulalir,™ found to contain an albumin (1-2%’1, 
>turatrf “"<1 P™^eosea (3%), and when partly 

f albumin f'lp^ate gave a precipitate consisting 

ud proteose m the proportion .3:1, and causing 
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anaphylaxis in guinea-piga. After precipitating all the protein 
from this extract by means of ammonium sulphate, and then 
removing the sulphate, phosphotungstic add gave a precipitate of 
the following bases: adenine, guanosine (?), histidine, arginine^ 
lysine, and agmantine, these being identified by the usual methods. 
The 10% salt extract gave a small amount of the above albumin 
and but very little evidence of tbe presence of a globulin. The 
dilute alkali extract contained the chief protein, which is therefore 
a glutelin, amounting to about 2*9% of the weight of the pollen, 
and appearing as an almost white, dusty powder. J. C. W. 

A Proximate Analysis of Rmnex crispns, and a Com- 
parison of its Hydroxymethylanthraquinones with those 
from Certain Other Drugs* George I). Beal and Ruth E. 

Okev {J. Amer, CHerti. 5oc., 1919, 41, 693 — 706). An examina- 
tion of the extract made by percolating the dried and powdered 
root of the common yellow (curled) dock with cold 95% alcohol. 
The constituents which are soluble in water, yielded small quanti- 
ties of emodin, a mixture of emodin monomethyl ether and chryso- 
phanic acid, dextrose and a little Isvulose, and organic acids and 
much resinous material. The insoluble portion of the extract con- 
tained emodin, its monomethyl-ether, chrysophanic acid, a phyto- 
sterol, palmitic, stearic, and erucic acids with lower unsaturate<l 
and higher saturated fatty acids, a small amount of a hydrocarbon, 
an essential oil, some glucosidee, and much resin. 

A cursory examination of cascara and aloes has also been made, 
mainly with the aim of isolating their emodins. Rurne-T. emodin 
is identical with that of cascara (Jowett, A., 1905, ii, 192) and 
isomeric with the aloe-emodin of aloes and senna. The phytosterol 
is also the same as the "rhamnol ” of cascara. 

The yield of emodin from the dried dock root is about 0-1%, and 
that of chrysophanic acid somewhat less. This compares favour- 
ably with the quantities obtainable from more expenslve^dr^i^^ 

Toxicity of "Alkali" Salts. Thakur Mahapeo Sikgh 
(Soil Sci., 1918, 6, 463 — 477). — An examination of the effect of 
various sodium salts on, ammonifying, nitrifying, and nitrogen- 
fixing organisms, and on the germination and growth of wheat and 
peas. Arranged in order of descending toxicity, the salts ex^me 
are sodium chloride, nitrate, carbonate, and sulphate, the_ per- 
centage of the anion, and not of the cation, being the determining 
factor, Small amounts of each of the different salts used stimu- 
lated both crop growth and bacterial activity, the amount varying 
with the crop grown. The toxicity point as found when salts were 
used in combination, as under field conditions, agreed 
with the pointe found when the individual salts were used, 
toxic point of 'the combined salts depended on the 
the chlorides, nitrates, carbonates, and sulphates present, and _ 
combination in which they existed. Calcium sulphate when pres 
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lowered tie toxic point of the chloride, carbonate, or nitrate of 

sodium. ^ 

AUa^ [Lucerne] Investigation. VU. Alfalfa Sanonin 

C. A. Jacobsen (J. Amer. Chem. Soe., 1919, 4i, 640—648) —When 
alfalfa hay is extracted with hot alcohol and the solution is 
a Toluminoua green precipitate is deposited, from which ete 
extraciB two ketonee, myriatoue and alfalfone (A. 1912 ii 80 • 
i, 239). The inwluble, gummy residue left in the ^xhlet thimble 
contains a saponm, whui may be isolated by dialysis of the aqueous 
solution and reprecipitatiou with alcohol. Alfalfa riuwrnel 
IS a brown, amorphous powder decomn'' 
28^300 , readily soluble only in water and glycerol, and may be 
hydrolysed to a mpogenm, CaH„0„N, dextrose, and a pentose 
It also forms an denvative, but this may be the acetate of 

the sapogenin. Its solution has an enormous surface tension 
minute quantities producing a remarkable foam in aerated 
beveraps, and bpbbles 4 inches in diameter being possible with a 
:j5% solution. ° ^ 

The saponin differs from moat compounds of this type in con- 
taining nitrogen. It is aio abnormal in that it does not hremolyse 
b ood. It 13 toxic to fish, but this generally accepted property 
of saponins as a class seems to be due to their power of preyentine 
he diffusion of air into the water, for the golden carp, which ha! 
the mstinct to rise to the surface to breathe, will live in saponin 
solutions (1 to 35,000), whereas the black bass succumbs. Alfalfa 
saponin causes acute local irritation and death when injected sub- 
cutaneously, but IS harmless when taken per os. 

•• JnlirY* by a yellow substance, 

saponin X, and alfalfa also contains two proteins and a bitter 
principle, which are being investigated. J. C W 

meet of Manganese on the Growth of Wheat. A Source 
/7 Agricultural Purposes. J. S. McHaboue 

332-335).-Resulte of pot 
ur^ showed that the addition of manganese increases the size 
and nitrogeu content of wheat grains, and stimulates the growth 

O OW orr!' quantity appeared to be about 

U 028% of manganese, calculated on the total weight of the soil in 
po . It was added in the form of manganese carbonate. 

average of 4-8% of manganese, and it is 
possible that some of the bene6t to crops resulting from the use 
tills fertiliser is due to the presence a)f manganese. W. P. S. 

1^® Calcium, Magnesium, and Potassium 

»speoiSlWn“®*^®^ J® ChrysoUto, and Muscovite, 

"specially M regard to SoU Relationships. R. F. Gasdinbk 

imsr^rwf 259-261).-When the finely powdered 

idd » 1 { ® ™ contact with the aqueous extract from an 

tetll ■” 25°. it was found that 1-6% of the 

cium in the epidote. O' 21% of the magnesium in the 
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chrysolite, and from 11 to 21% of the potassium in the muscovite 
was extracted under the experimental conditions. W. 6. 

Decomposition oi Cyanamide and Dicyanodiamide in the 
Soil. G. A. CowiE {J. Agric. Sci., 1919, 9, 113 — 136). — Experi- 
ments on field plots and on soil in pots show cyanamide to be 
decomposed in soil, yielding ammonia, which is then nitrified in the 
usual way. The conversion of the nitrogen of the cyanamide into 
nitrate is almost quantitative. Dicyanodiamide undergoes no 
decomposition. On adding both substances together to soil, it ij 
found that the dicyanodiamide does not prevent the formation of 
ammonia from the cyanamide, but that it largely prevents nitrifi- 
cation. In a mixture of the two substances containing 25% of 
dicyanodiamide, only 22% of the nitrogen is converted into nitrate, 
and in a mixture containing 75% of dicyanodiamide, only 5%. 
Dicyanodiamide is thus toxic to the nitrifying organisms. On 
the ammonifying bacteria it has no effect, as dried blood readily 
undergoes ammonification in its presence, and the ammonia pro- 
duced accumulates in the soil owing to the action of the nitrifying 
organisms being prevented. These results show that cyanamide is 
not normally converted into dicyanodiamide in soil; Ihey also 
suggest the possibility of a di-imino-formula for dicyanodiamide. 
[See also J. Soc. Ghent. Ind., 1919, 380a.] J. H. J. 

Soluble Non-protein Nitrogen oitSoil. K. S. Snyder and 
R. S. Potter {Soil Sci,, 1918, 6, 441 — 448). — From a further study 
of the method previously described (A., 1917, i, 75), the authors 
find that, in order to obtain the maximum soluble non-protein 
nitrogen from basic soils, they should be extracted with 1% hydro- 
chloric acid until the washings show no calcium . It is unnecessary 
to extract acid soils with the acid. Nitrates in the acid extract 
may be reduced by Devarda’s alloy after making the extract faintly 
alkaline. The examination of a number of soils shows that the 
amount of the unknown soluble non-protein nitrogen is usually 
decreased by an application of lime, although there are exceptions. 


Manuring Experiments witb“ Kalikalk." U. G. Soderbaum 
(Medd. No. 163, Ventrahuetalten foTSoks. prdhruk; from Bid. 
Zentr., 1919, 48, 135— 136).— This preparation (prepared by heat 
ing together potash felspar, limestone, and gypsum at 1150°) gave 
good results in the manuring of oat crops. [See further, J. Soc. 
Ghent. Ind., 1919, July.] J- 


Organic Nutrients for^ Green Plants. Th. Bokor.^ 
(Biochem. Zeitsch., 1919, 94, 78— 83).— Sulphite lye from the 
cellulose industries, even after the removal of the majority of t e 
sugar, is of considerable value as a manure. The value of human 
urine as a nutrient for plants is also great. The presence o 
hippuric acid in the urine of certain domestic animals makes t is 
waste product less useful than human urine. This may be im 
the toxic infiumice of the benzoic acid. J- 
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Ultra-violet Band o2 Ammonia and its Occurrence in 
the Solar Spectrum. A. Fowlke and C. 0. L. Gregoby {PUl. 
frans.^ 1919, [A\ 218, 351 — 372. Compare A., 1918, ii, 282).— The 
ammonia spectrum has been photographed (i) by means of a quarta 
spectrograph giving a dispersion of 60 A. per mm. at A. 3360, (ii) by 
a quartz Littrow instrument having a dispersion of 7 A. per mm., 
and (iii) by means of a 10 ft. grating giving a dispersion of 1'85 A. 
per mm. In the first two cases an ammonia flame was used, 
obtained by feeding a blowpipe with ammonia and oxygen, whilst 
in the last case a copper arc burning in ammonia furnished the 
light. Long tables of wave-lengths are given, which are probably 
accurate to O'Oi A.; these are compared with the Rowland values 
for the solar spectrum. From the comparison, it is evident that 
the band X = 3360 in the solar spectrum is due to ammonia, and 
also that* many of the unidentifi^ weaker lines of the solar spec- 
trum are also due to ammonia. Photographs of the highly resolved 
band A 3360 are appended to the paper. J. F. S. 

Wave-length Measurement in Spectra from 5600 A. to 

9600 A. W. F, Mbqgebs {Bidl Bureau of Standards [U.5.^.], 
1918, 14, [3J, 371 — 395). — ^The first-order spectra of lithium, 
sodium, potassium, rubidium, csesium, copper, glucinum, calcium, 
strontium, barium, and magnesium have been photographed over 
the long wave regions 5600 A. to 9600 A. For this purpose, a con- 
cave grating of radius of curvature 640 cm. with a ruled surface 
7 5 cm. by 13‘3 cm. with 299 lines per mm. was employed, and .was 
mounted in parallel light, the intensity of the spectra, compared 
with that afforded by the Rowland method of mounting, being 
quadrupled by this method of mounting. The device also secures 
freedom from astigmatism. Ordinary photographic plates are 
sensitised to the long wave region by being soaked for three to five 
minutes in a bath made by adding 4 c.c. of a solution of 1 part of 
dicyanin in 1000 parts of alcohol to 50 c.c. of distilled water, 50 c.c. 
of ethyl alcohol, and 5 c.c. of strong ammonia. The exposures 
were limited to thirty minutes. Arcs of metallic electrodes were 
employed wherever possible, Acheson graphite electrodes impreg- 
uated with large quantities of the respective salts being employ^ 
in other cases. A current of 6 amperes was employed for the region 
60U0 A. to 7000 A., 7 amperes for the region /OOO A. to 8000 A., 
and s(*on, except in the case of magnesium, a current of 3 amperes 
at 110 volts being employed in this case. The comparison spectra 
were aSorded by that of an arc between Norwegian iron poles oper- 
ated under standard conditions. The results obtained are expressed 
in tabular form, which afford ready comparison with the results of 
other observers. The intensities and other physical characteristics 
of the various lines are recorded. Tllustrations of the spectra are 

^’Ot. cxvi. ii. 10 
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given in some cases. The probable error is less than 0‘02 A. for 
all lines measured more than twice. The frequency differences of 
doublets in the spectra of sodium, potassium, rubidium, csesium^ 
and copper are shown to be constant in most cases to 1 part in 
100,000 in the number of waves per cm. J. S. G. T, 

The Serial Constitution of Absorption Spectra. Feed, 
Vles {Compt. rend., 1919, 168, 1044— 1047).— A continuation of 
previous work (compare A., 1914, ii, 400) in which the author, 
from a study of the absorption spectra of several substances, con- 
firms his views as to the serial constitution of these spectra. 

W. G. 


Absorption and Constitution of the Coloured Alkali 
Salts of Nitrotriphenylmethanes and Related Compounds, 

A. Hantzsch and P. Hein {Ber., 1919, 52, [A], 493 — 509. Compare 
A., 1907, i, 500; and Hedley, 1908, i, 382).— A comparison of the 
alkali salts of nitrotriphenylmethanes and nitrodiphenylamines, 
nitrohydrazobenzeues, and nitrodiazoaminobenzenes. 

Triphenylmethaue only forms a mono- and a tri-nitro-derivative. 
Diplieuyl-p-tolylmethaue (from benzhydrol and toluene by means of 
stannic chloride) reacts with fuming nitric acid to give 4 ; i'-dmUn. 
diphenyU-nitru-p-tohjlmelhane, m. p. 131°. p-Bromotripheiiyl- 
methane, however, gives i-lromo-i' •A''-dinitrntriphenylmethane, 
white leaflets, m. p. 16o-5°. The salts of nitrotriphenylmethanes are 
much less stable tlian those of the simple nitromethanes, and can 
scarcely be isolated. Solutions of the mononitro-compounds in 
alcohol remain colourless for a moment on the addition of sodium 
ethoxide, but reach the maximum yellow colour in about fifteen 
minutes. The absorption bands are similar to those of the mono- 
nitromethaiie nci-salts, but include a quinonoid band, showing that 
the salts have the simple quinonoid, as well as the ocr-configuration, 
thus: CHPhj-C.Hj-NOj-fEtONa^CPhoICcH/.NO-ONa. The 
dinitro- and trinitro-compouiids give violet salts, which have the 
“ conjugated-quinonoid ” configuration of the di- and tri-mtro- 
methanes, thus : 


and NO,-C,H.-C<W^5>Na. 

They also give violet salts with ammonia and aliphatic amines, hut 

not with pyridine, r, • i 

[With M. Hahdtmann].— i(-Nitrodiphenylamme is best obuniM 
by nitrating pure benzoyldiphenylamine and then hydrolysing by 
means of alcoholic potas.siiini hydroxide. Its solution in acoio 
pale yellow, but bccome.s deep red on the addition of jioteiroii 
hydroxide, owing to the formation of a para-quinonoid salt ol we 
formula NPh;C„n 4 :NO.,K. The o-nitrodlplienylamiiie is 
red in alcoholic solutions, but the addition of potassium hyd™- 
has no effect, p ; p'-Dinitrodiphenylamine, like the di-, 

hexa-nitrotriplienylmethanes, gives deep violet salts. 

the salts of hexanitrodiphenylamine are only yellowisb-red. 
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j^Nitrodiazoaminobenzene, j^-dmitrohydrazo benzene, and pp'-di- 
nitrodiazoaminobenzene also give violet salts. The last compound is 
obtained by the action of amyl nitrite on ;i-nitroaniliae, but a drop 
of acetic acid is essential to the initiation of the reaction. Its sodium 
salt, Ci 2 Hg 04 N 5 Na, separates on cooling a solution in aqueous-alco- 
bolic sodium hydroxide, in leaflets with metallic lustre and red 
streak, which are hydrolysed by cold water to the free a.d-dimtro- 
diazotiijunob&mttiej N02*CgH4‘j>I,N*N,Cgli4.iN0'0ii. This looks so 
much like the salt that it has previously been unrecognised. It is 
even formed when dilute solutions of the ordinary dimiro-compound 
are boiled and quickly cooled, but it is immediately isomerised by 
alcohol. When slowly heated, it changes into the more stable form 
and then explodes at about 233°. 

Absorption curves are reproduced in the original and discussed at 
some length partly in a controversial manner. J. C. W. 

Absorption and constitution of the Simplest Triphenyl- 
methane- and Azo-Dyes and Belated Compounds. A. 

liAXTZSCH (Asr., 1919, 5lA, [AJ, 509 — 630). — The absorption bands 
of the simplest and most important dyes, namely, those of the tri- 
phonylmethane aeries and the azo-dyes, are compared with those of 
closely-related coloured substances, including the salts of the poly- 
aitrocripheuylmethanes (preceding abstract). It is shown that the 
original quiuonoid formulae given by JJ. and 0. Fischer need only 
to be extended to conjugat^-quinonoid structures to explain the 
optical properties, new schemes like those of Baker (T., 1907, 91, 
U90) being unnecessary, 

lu the case of the quiuonoid salts of aminotripheuyhnetbanes, as 
in the case of the quiuonoid alkali salts of nitrotripheiiylmethanes, 
the maximum optical effect, that is, the typical colour, is already 
reached when there are two salt-forming groups in the molecule. A 
third amino-group actually has, if anything, a hypsochroraic effect. 
A hydroxyl or methoxyl group in the place of a third amino-group 
has about half the optical effect j for example, hydroxy- aud 
methoxy-malachite-greens are midway between malachite-green and 
crystal violet. Tetramethyldiamiiiorosaniline gives solutions of 
many colours, from bluish-red to yellow, iu indifferent media, but 
they all give absorption curves like that of magenta, only more or 
less displaced. 

The magenta dyes also closely resemble the reddish-violet salts of 
the aminoazobenzenes, and the three classes are, therefore, character- 
ised by two components; (1) a quiuonoid salt complex (acfnitro-salt 
or ammonium salt) as chromophore, aud (2) another group (nitro- 
or amino-) which forms a jiowerful auxochrome in conjugation with 
the quiuonoid group, thus : 

ArC=OjH4=NOj ArC=CgH4==NRj FJ=CjH4==NEj 
Ar-NOj . . , ,M Ar-NRj ... X XAr-R . . . . X 
itrotriphenylmethanea. AoiiaotripheDyimethanes. Aminoazo-salts. 

10—2 
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The effect of an acid on compounds of the last types is obviously to 
break the conjugation and so destroy the auxochrome. 

Two new compounds are described. Dimethoxydimethylamino- 
triphenylcarhinol, (OMe-C 5 H 4 )jC(OH)-C«H<-NMe 2 , bundles of very 
pale green crystals, m. p. 112°, is obtained by heating together 
dianisyl ketone, dimethylaniliue, and a mixture of phosphorus penk- 
and oxy-chlorides, and is converted into dimethoxyfuchs^md^methyl 
imonium chloride, (OMe-CeH^jjCiCjH^iNMe^Cl, by means of hydro 
chloric acid. This dye has the typical appearance of canthandes, but 
it is not fast to light or washing. 

Several seta of curves are reproduced in the original, but the 
lengthy discussion is largely polemical. J- C. W. 

Relationship between Mechanical and Chemical Rotation 
and the Structure of Liquid Crystals. 0. Lehmasn [Am. 
Physik, 1919, [iv], 68, 631— 656).— A continuation of previously 
published work {ibid., 1916, 51, 353). The effects produced wlicu 
the containing walls which hold liquid crystals are twisted whilst 
polarised light is passing through the crystals are investigated. The 
effects are examined by means of crossed nicols for p-azoxyplienetolc 
and for the same substance to which colophony and cholesteryl 
benzoate have been added. Numerous diagrams of the appearance 
under the nicols are given. J- 


Ths Rotation Dispersion of Butyl, Heptyl, and Octyl 
Tartrates, Perot Faraday Fkanki.and and Frederic Hosacz 
Garner (T., 1919, 115, 636 — 661). 

Evolution of Very Dilute Solutions of Tetrachloroplatinic 
Acid in Complete Darkness and at Difierent Temperatures. 

Marcel Boll (Compt. rend., 1919, 168, 1108— 1111).— A comi»ri- 
son of the changes and their velocities taking place in a very dilute 
solution of tetrachloroplatinic acid in the dark at temperatures 
between 10° and 100°, and those taking place m the light (compare 
A. 1912 ii 407). The thermal acceleration is practically tlie same 
whether ’the action takes place in the dark or under the 
of high-frequency rays. 

Collision of a-Particles with Light AtoiM. I. 

Sir E. Rutherford {Phil. May., 1919, [vi], 37, 537-|^61. Cm 
pare E. Marsden, A., 1914, ii, 40T ; Marsden and Lantaberry, m 
Maa 1915 Ivil 30, 240 ).— “H ’’-particles, derived by passing 
o-particles through hydrogen, from "head-on” collisions ® 
the o-particles and the nuclei of the hydrogen 
obtained, without using hydrogen, from thin-waltad glass | p 
tubes filled with radium emanation, and from a deposit of 
on a nickel plat^from the latter more than the ^ 

experiments showed that radium-(7 is not different m ^ 
from radium-i4 and the emanation, and these have also s n 
o-xygen and nitrogen atoms (see succeeding papers) can oe p 
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55 fift motion by collision with a-particles to cause scintillations 
outsidb the range of the o-particles, to which, probably, a large 
number of the scintillations, ascribed by Marsden to H-particles, 
were due. The homogeneous o^rays of radium-C' deposited on a 
metal disk were exclusively used. The disk was washed with alcohol 
and heated in an exhausted tube to 300'^ for a minute to reduce 
■ volatilisation ” of the radium-C (Ratner). The H-particles were 
counted by the scintillations on zinc sulphide screens, and were 
similar to those produced by o-particles 3 nun. from the end of 
their range. The active disk was mounted in a tube capable of 
exhaustion, or of being filled with the gas studied, at a variable 
distance from an opening in the end covered with thin sheets of 
silver aluminium, or iron of stopping power equivalent to from 
4 to 6 cm. of air, the zinc sulphide screen being just outside the 
anparatus. The number of H-particles is ordinarily less than one 
in one hundred thousand of the o-particles, and can only be detected 
after the latter have been absorbed. iS-Eays were suppressed by 
a strong magnetic field. The number of H-particles without any 
gas in the vessel was first determined. These are small in number 
relatively to those produced when the apparatus is filled with 
hydrogen, and it cannot he decided whether they originate from 
the radio-element itself or from hydrogen occluded by the materials 
in which it is contained. The number fell off, when metal screens 
were interposed, rapidly between the equivalent of 7 and 12 ctn. 
cf air, and then more slowly, a few being observed up to the equi- 
valent of 28 cm. The metal screens— silver and aluminium — were 
heated to drive off occluded gases. Gold was found to be very 
free from hydrogen, but could not be used close to the zinc sulphide 
screen on account of the marked luminosity it produces^ on the 
screen beyond the range of o-particles, an effect that is being 
investigated. , 

The number of H-particles produced in hydrogen gas and their 
distribution with velocity differed markedly from the results calcu- 
lated from the simple theory by Darwin’s formula. The apparatus 
being filled with hydrogen at atmospheric pressure, the number of 
H-atoms was counted when aluminium foils were interposed before 
the screen. There was no diminution between the equivalent of 
9 and 19 cm, air absorption, and then a slow decrease in the number 
took place, followed hv a rapid one near the end of the range. 
Theorelically, between 9 and 19 cm. the number should have b^n 
reduced to 28%. This is only marked when long-range o-particles 
are used. As the range of the a-particlea is reduced, the theoretical 
curves are more and more nearly approached. The ahso^tion 
curve for H-particIes produced bv long-range a-particles is similar 
to that of the o-particles themselves, showing that the hvdrogen 
atoms are thrown forward all at practically the same velocity aod 
in the same direction as the a-n,irtirle is travelling, or at least 
within 10° or 15° from it. The fraction of the number of 
a-particles which produce one H-particle per cm. of path in 
hydrogen at N.T.P. was found to he about 10-'. At 10 cm. 
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(eq. air absorption), the total number produced is ten time? at 
19 cm. thirty-one times, the number calculated from the simplj 
theory (Darwin). On the average, each o-particle of 7 cm. range 
of radium-C produces an H-parlicIe when the perpendicular distance 
of its path from the centre of the hydrogen atom is equal to or 
less than 2'4 x 10"'^ cm., and the results point to the view that 
within 3'5 X 10~’® cm., the field of force between the colliding 
nuclei undergoes rapid changes in magnitude, and probably direc- 
tion. Since only one in 10^ a-particles passing through 1 cm. of 
hydrogen produces an H-particle, and in this distance each 
a-particle passes through 10< hydrogen molecules, only one out of 
every 10’ collisions produces an H-narticle capable of being detected 
beyond the range of the a-rays. The helium nucleus, or a-particle 
is pictured as a charged disk of radius about 3'6 x 10-’® cm., with 
its plane perpendicular to its direction of motion, and probably 
composed of four hydrogen nuclei and two nuclear electrons. This 
is regarded as being probably much deformed during close 
collisions. It is to be expected that it would break up, but no 
evidence of this has yet been observed. p, g. 

Collision of a-Particles with Light Atoms. II, Velocity 
of the Hydrogen Atom. Sir E. Rutherford {Phil. Mag, 1919 
[Vi], 37, 562 — 571). — The assumption in the preceding paper that 
the long-range scintillations observed in hydrogen are due to 
hydrogen atoms set in swift motion by their collision with a-partioles 
is supported by their range, which agrees with that calculated for 
such H-particles by Darwin from Bohr’s theory. The mass, charge, 
and velocity of these H-particles have been determined by measure- 
ments of the deflection they undergo in electromagnetic and electro- 
static fields. As source of hydrogen, a film of paraflfin wax 30« 
in thickness exposed to intense a-rays was used. The H-particles 
were passed through two slits and received on an external zmc 
sulphide screen, after passing through a sheet of iron, closing the 
end of the apparatus, equivalent in stopping power to 4 cm. of air. 
With the apparatus exhausted, the deviation in a magnetic field of 
the e-particles themselves was first found. The paraffin film and 
aluminium screens, equal in total stopping power, with the iron 
sheet, to 14'4 cm. of air, were then interposed, and the deflection 
of the H-particles found to he 1*45 times that of the a-particles of 
radium-(7. This gives for munfe, the product of the mass and 
initial velocity of the fastest H-particles divided by the charge, 
3*15 X 10®. From theory, Uq should he 1'6 Vq, that is, i’6 times 
that of the a-partioles, and 3-2x10®. AH the H-particlea 

carried a positive charge, and no sign of negatively charged particles 
was observed. The electrostatic deviation between two parallel 
plates 6 cm. long and 1*55 mm. apart charged to 4500 volts was 
insufficient to deviate the H-particIes completely, and it was calcu- 
lated that 30,000 volts would be required. So the deflexion with 
a magnetic field was compared with that produced by a combined 
electrostatic and electromagnetic field acting in unison, and it was 
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fomd that a magnetic Held of 238 gauss on the average was equi- 
valent to an electnc field of 1000 volts This 
„,aximum velocity of the H-partiole, 3' 2 x 10» Z 

The calculated value, 1-6 r„, is 3-07x if;; :Z ' 

The value of ejm, consequently, is 10‘ e m v,' 

very well with the value 9570, for the H-ion’iu the’ electrolysis^ 
water. This proves that for close collisions the conservatL o 
momentum and energy holds good, and that there is no sensiWe 
lo?s of e^nergy due to radiation. seusiDje 

The energy communicated to the H-particle is 0'61 that of the 

a-partiole, and, after traversing the equivalent of 12 cm of air k 

0-44, corresponding with that of an a-partic!e of range 2 cm ’ of 
air. The brightness of the scintillation it produces is, a1 all ranges 
much less than is to be expected, and corresponds, for example’ 
with that of an a-particle of range 0-5 cm. instead of 2 cm This 
may be due to the energy spent per unit of path by an H-particle 
hang only about one-sixth of that by an a-particle A large pro- 
portion of instantaneous double scintillations was observed and 
,t was found in comparison with a-particics, that the number was 
nearly double what ,s to be expected from probability consider- 
ations. It could not be settled, however, whether this effect is real or 
flue to the eye being unable to distinguish separately the weak 
snnti nations due to H-particles as readily a.s those produced bv 
a-particles. * P S ^ 

Collisions o!o-Particles with Light Atoms. III. Nitroeen 

and Oxygen Atoms. Sir E. Rdthkrfoed (Phil Maa., 1919 ivil 
Bohr’s general theory of the absorption of 
charged atoins in passage through matter, which is .substantiated 
experimentally for the a-particles and H-particles, the range ,r in 
hydrogen of an atom of charge e and mass m moving with a speed 
a-particle of range R is given bv xlR = 
mE jMe M and ® being the mass and charge of the o-particle 
For light atoins, with unit charge = Tables are given for 
s for singly charged atoms from hydrogen to gold travelling 
with a velocity calculated to he produced by impact of the atom 
m a head-on collision with the a-partiele. For a-particles of 
range 7 m. the maximum ranges in cm. to be expected are as 
follow; He 28, .Li 19-6, G1 15-4, B 12-4, C 11-2, N 9-3, 0 7-8. 
experiments with helium have shown that, if any long-range 
particles are produced, the number is very small compared with 
that produced in hydrogen, and it is concluded that the helium 
atoms carry a double charge and have the same range as the 
“-particles Neither were any cerUin indications of long-range 
particles obtained for salts of lithium, gluciniim, and boron. Such 
experiments are much easier for gases, and in air numerous bright 
scintillations are observed for distances 2 cm. beyond the range of 
e a-partieles. With a total absorption equivalent to 7'5 cm. of 
i/t ■ ” and " 0-particles ” give scintillations equal 

rig tness to an a-particle of range about 1 cm. The scintilla- 
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tions for oxygen and carbon dioxide were of about the same range 
and brightness as those in air, but they were shown to arise in the 
gases, and not to be emitted from the radio-element itself. No 
evidence of singly charged carbon atoms from carbon dioxide was 
obtained. EstSnating Qie relative numbers of high-speed particles 
in hydrogen, oxygen, and nitrogen, it was found that the numbers 
for the different gases are not very different. The long-range rays 
of range 11 '3 cm. found by Rutherford and Wood in the active 
deposit of thorium (A., 1916, ii, 282) are such as would result from 
oxygen atoms present in the mica screens used, but the number— 
1 to 10,000 o-particles — was much greater than is to be expected 
from the experiments with radinm-C, and further experiments are 
in progreSa P. S. 


Collisions of a-Particles with Light Atoms. IV. An 
Anomalous Efiect in Nitrogen. Sir E. Rctussford (Phil. 
Mof;.. 1919, [vil, 37, 581 — 587 ). — K surprising effect was noticed 
in the study of the “natural" scintillations due to H-particles, 
which it is difficult to decide whether they are due to the action of 
a-particles on occluded hydrogen in the radioactive material or sup- 
port, or are expelled in the disintegration itself. With the apparatus 
described in the first paper, exhausted and filled with dry oxygen or 
carbon dioxide respectively, the number of natural scintillations ob- 
served diminished in about the ratio to be expected from the stop- 
ping power of the gas column. In dried air, however, the number 
increased, and with a total absorption equivalent to about 19 cm, 
of air was twice as great as with the apparatus exhausted, All 
experiments were made at absorptions greater than the equivalent 
of 9 cm. of air to eliminate the O-particles and N-particles described 
in the last paper. The additional H-particles were not due to 
moisture or dust nuclei, and were observed in chemically prepared 
nitrogen, from ammonium nitrate, to an extent 1*25 times that 
observed for air. They were shown to arise from the volume of 
the gas, and were not due to a surface effect in the radioactive 
source. The H-particles so obtained from nitrogen had a some- 
what greater penetrating power than those from hydrogen, but 
none could be detected beyond a range of 28 cm., and probably 
the difference is due to their being projected more in the line of 
flight of the o-particles than those resulting from hydrogen gas. 
The number from nitrogen at atmospheric pressure is equal to the 
number given in hydrogen at 6 cm. pressure, so that only one 
H-particle is given in nitr<^en for every twelve collisions giving 
rise to N-particles. As regards both the brightness of the scintilla- 
tions and the range, these long-range particles closely resemble, 
and in all probability are, H-particles, but to settle the point 
definitely it will he necessary to determine their deflexion^ in a 
magnetic field. Preliminary experiments indicate a sinulM 
dpflexion, but to decide the question definitely it will probably ne 
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nec^^ry to employ a aoUd nitrogen compound free from hydrogen 
and to disorrainate between H-particles and possible particles of 
atomic mass 2. r f 


If they are H-particles, it must be concluded that the nitrogen 
atom has been disintegrated during the close collision with an 
a-particle, and that the hydrogen nucleus is a constituent part of 
the nitrogen nimleus. This may account for the ranges of the 
N-partide and O-particle being the same, instead of differing by 
some 19%, as is to be expected. For if hydrogen is disrupted from 
the nitrog^ atom, tbe energy of tbe impact would be shared 
between the two systems. Nitrogen is the only light atom of 
atomic mass 4n+2 where n is a whole number, and its nucleus 
should consist of three helium nuclei and ten hydrogen nuclei. 
The latter may be outeiders of the main system of mass 12, and 
the close collision with an o-particle seems to be the most likely 
agency te promote the disruption of such a nucleus. It is not to 
be expected, a prion, that the velocity or range of H-particlea, so 
produced from the nitrogen atom, should be identical with that 
of those produced by collisions in free hydrogen. p. S. 


Precision measurements in the X-ray Spectra. Mann* 

SiEGBAHN (Phil. May., 1919, [yi], 37, 601-612).-^y a n^w 
meth^ of measurement, the accuracy of wave-length measurements 
for J-rays has been increased a hundred-fold. .The angle of the 
reflected rays is determined as the angle through which the same 
photographic plate has to be turned in order to receive impressions 
of the nth order reflection on both sides of the direct ray, the angles 
being read off an accurate circle scale. If is the angle of 
reflexion, and the plate is turned accurately 4c^ (and the crystal 
nearly 180°), the spectral lines on both’ sides would cover one 
another. In practice, the plate is turned nearly 4i4, and by 
raeasunng the distance between the lines, the small correction to 
exactly 49 can readily be applied. 

The plate and slit must have the same distance from the rotating 
axis of the reflecting face of the crystal and of the plate-holder, 
and dunng exposure the crystal may. if necessary, he continually 
nriie rough a small range, and for bad crystals irrepularities 
so elimiuated. Drawings of a spectrograph for vacuum built on 
suitablT'^^ * and also for the .T-ray tube found most 

The wave-length of Ouffa (the o-line of the Z-series of copper) 
was determined to be 1537-358(±0-033) x 10-n cm., when the 
tice constant, if, of rock-salt is taken as 2-81400 xl0-« cm., and 
of oalote 3-02904 x 10-* cm. The relation of these two constenta 
len determined for CiifTa, Fe^o, and Snio, the wave- 

1- *7"'^ 1932-39 and 3592-94 

wJ 5-100 constant found for potassium ferrocyanide 

^ 10 , instead of the value 8-454 used by Moseley, and 

10 * 
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the latter’s wave-length tables must be diminished by 0-64% in 
consequence. The following table of wave-lengths is given : 

a . 10““ cm. 



Atomic 



Eiemeut. 

number^ 

Aa,. 

Aft. 

Chlorine 

... 17 

4718'70 


Potasaium 

19 

3733-86 

3447*37 

Calcium 

... 20 

3361-86 

3087-89 

Scandium 

... 21 

3025-26 

2774-54 

Chromium 

24 

2285*17 

2081-44 

Iron 

26 

1932*39 

1763-97 

Cobalt 

... 27 

1785-24 

1617-58 

Nickel 

28 

1654*67 



Copper 

29 

1637-36 

1380*53 


This great increase of experimental accuracy is employed to test 
the formulae of Sommerfeld for the difference of wave-len^h between 
the ttj and Oj doublet of copper in the A'-series with the result, 
0'373(±0'005) X 10“®, in complete agreement with theory. Pre- 
liminary measurements of the wave-length difference of the ff- and 
jS'-lines of iron, manganese, and chromium give 3'55, 4-56, and 
4'87(x 10“" cm.) respectively. The formulse of the Aa-series given 
by Moseley, Sommerfeld, Debye, and J. Kroo are compared witk 
the exjjerimental valties given in the above table, with results 
decidedly in favour of the formula of the last-named, the differ- 
ence between the calculated and experimental results varying regu- 
larly from -0'2% for chlorine to -t 0-017% tor copper. P. S. 

Ionisation hy Canal Rays. J. Staek (Jahrb. Badioakh. 
Blektronik, 1918, 15, 329 — 364). — A summary of the literature of 
the subject with a bibliography. The account is divided into three 
chapters: (1) emission of electrons from metallic surfaces; 
(2) emission of electrons from gases; (3) emissiou of positive ions 
by canal rays. E. H. R. 

The Theory of Electrolytic Ions. X. The Conductivity 
of Multi-valent and Multi-stage Electrolytes. Richahi) 
Lorenz {Zeitsch. anory. Chem., 1919, 106, 49 — 75). — theoretical 
paper in which the general theory of electrical conductivity is dis- 
cussed from the viewpoint of Planck’s conductivity equation. It 
is pointed out that the conventional use of normal solutions and 

aivalent conductivities leads- to much confusion. It is better 
a> refer all measurements to molecular quantities, no assumption 
being then made as to the manner in which the electrolyte dis- 
sociates. The degree of dissociation is independent of the manner 
in which it takes place, and is simply defined as the ratio of the 
number of altered molecules to the number originally present- 
The molecular conductivity quotient has been deduced from 

Planck’s equation for a number of different, typical- kinds of ionm 
dissociation. This quotient is identical with the degree of dissocia- 
tion only in the case of single-stage electrolytes, that is, of those 
which dissociate in one stage, whatever be the number of different 
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ions formed. In the case of multi-stage dissociation, the con- 
ductivity quotient bears no relation to the degree of dissociation 
and is generally smaller than this. E. H. R. 

Cause of the Small Electrical Conductivity of Non- 
aqueoue Salt Solutions. R. Beotnek (Zeitsch. Ekktrochem., 
]919 25, 97 — 100). — From a series of electrical conductivity 
measurements of solutions of salicylic acid and dimethyltoluidine 
in nitrobenzene solution, the author asserts that the cause of the 
slight conductivity of solutions of salts in non-aqueous solutions is 
a non-electrolytic dissociation which opposes the electrolytic dis- 
sociation. This is supported by the observations that a solution of 
an acid or a base in a non-aqueous solvent has a very slight con- 
ductivity, whilst a similar solution of acid and base has a very much 
larger conductivity. The conductivity of a solution of acid and 
base changes regularly when the concentration of the acid is 
changed, the base being kept constant and vice versa. Further, 
the molecular conductivity decreases with increasing dilution. It 
is stated that the above observations are in keeping with the 
assumption that in most non-aqueous solvents an equilibrium 
salt ~ acid -t base exists, so that both free acid and base exist side 
by side with the salt. Hence the sail, as such, has a considerable 
conductivity, whilst the acid and base alone have practically none. 

J. F. S. 

Contra-electromotive Force of Polarisation in Sulphuric 
Acid. Albert Noyes (Compf. rend., 1919, 168,1049—1052). — The 
coutra-electromotive force of sulphuric acid at 20 ° is 1'68 volts, and 
diminishes at first inversely as the absolute temperature. Between 
60° and 120 °, it diminishes more rapidly, and above the latter 
temperature remains practically constant. This may be attributed 
to a difference in the mode of ionisation, which is at first into 
H+ HSO^- and then 2H+ and SO 4 *. W. G. 

The Potential of a Nitrogen Electrode. Francis Lawbt Usher 
and Ramavenkabasubbier Venkateswab.an (T,, 1919, 115, 
613-618). 

The Chemical Process of the Lead Accumulator. Ch. 

Pery (Wf. Soe. cUm., 1919, [iv], 25, 223— 234).— The author con- 
siders that the theory of “double sulpliating “ is incorrect, and that 
tie behaviour of the lead accumulator is similar to that of a primary 
cell with a solid depolariser, with the difference that the negative 
electrode gives rise to an insoluble salt. The reaction during normal 
discharging and charging is given by the reversible reaction : 

2Pb+Hs,S04-|-Pb205 — Pb5S0., + a,0-f2Pb0j, 

Tie subsulphate is a black powder and, unlike the normal sulphate, 
has a certain conductivity. The higher oxide, the active material of 
the positive electrode, is a black, endothermic substance and a power- 
ful oxidising agent. W. G. 

10*— 2 



ii. 264 


ASSTBACrCa OF GHBHIOAI. FAFBB3. 


Relationship between Electrolysis and Fhotolysis and 
Electrolytic Non-reTersibility. Esil Baur {Zeitsch. Elektro- 
chem., 1919, 26, 102 — 109). — The author regards photolysis as 
analogous to a type of electrolysis. If a substance E absorbs a light 
quantum it becomes polarised and a potential difference is set up. 

This is symbolically expressed by the equation E + hv=E® Th- 

conception of photolysis is compared with electrolytic action, and it 
is shown that the electrolysis of sodium acetate and the photolysig 
of acetic acid yield the same products and respectively are to be 
expressed by similar equations, thus; SCHg'COO' + 2 ^"t=C 2 Hg+ 

‘2CO,i + =C,H,+U" + 2COo. Glycollic acid 

in the presence of oxidising agents, such as ferric salts, cupric salts 
or uranyl salts is converted into formaldehyde under the influence 
of light, and it is experimentally shown that electrolysis gives the 
same product. Oxalic acid is converted by light in the presence 
of uranyl salts into carbon monoxide and carbon dioxide, but it was 
found impoasible to detect carbon monoxide in the products ot 
electrolysis of oxalic acid. In the light of the present theory the 
author re-states with modifications the theory recently (A., 1913, 
i, 443) advanced with regard to the initial stages of the assimilation 
of carbon dioxide by plants. J. F. 8. 

Disgregation of the Oxidation Products Produced os 
Silver Anodes in Alkaline Media. Fb. Jirsa {Zeitsek 
Elektrochem,, 1919, 25, 146 — 151). — A silver anode which has been 
polarised in alkaline solution by direct current is temporarily 
depolarised by telluric acid, whilst alternating current with simul- 
taneous polarisation by direct current makes an over-voltage on the 
anode impossible and depolarises permanently. When a silver anode 
in an alkali hydroxide is polarised by alternating current alone, it 
is oxidised, the current being effective only as far as its anodic com- 
ponent is concerned. The oxidation product, produced when an 
alkali hydroxide is electrolysed between silver electrodes, disperses 
itself throughout the solution as a colloidal suspension. When direct 
current is employed the suspension is hut if the solution of 

alkali contains telluric acid the suspension produced consists of 
AgjOj ; with alternating current the oxide AgjO is produced. 

J, F. S. 

Size of Particle, Solution Tension, and Sintering. R 

PoDBZUs (Zeitsch. Elektrochem., 1919, 25, 100 — 101). — A theoreti- 
cal paper, in which a paper by Kohlschiitter and Vuilleumier (this 
vol., ii, 9) is criticised. J. F. S. 

An Explanation of Space-filling Numbers. Richard Lob®* 
(Zeitich. anorg. Chem., 1919, 106, 46 — 48). — It has been shown 
(this vol., ii, 213 ) that, for a number of univalent inorganic cations, 
the space-filling number ^ increases regularly with the number o 
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atoms in the ion. The space-filling number is a ratio of two 
volumes, that is, of the absolute volume of the ion, to the ionic 
volume P'lj calculated additively from the usual atomic volumes of 
the constituent atoms. Since then the ratio increases as the number 
of atoms increases, it follows that <j> increases at a greater rate than 
that is to say, <j> increases more rapidly than it would do if it 
were an additive quantity. This can only be explained on the 
assumption that, when the atoms combine, a certain amount of inter- 
stitial space is included in the molecule, with the result that the 
ratio of the absolute volume of the molecule to the volume of its 
"sphere of influence” gradually increases as the molecule becomes 
more complex. E. H. B. 

Deduction of Cryoscopy from the General Laws of 
Solnhility. Albbht Colsos (Coropf. rend., 1919, 168, 1047—1049), 
—A mathematical discussion, in which the author, starting with his 
law of solubility, deduces Raoult’s law. W, G. 

High Temperature Researches. XII. The Measurement 
of Vapour Tensions at Very High Temperatures with 
some Observations on the Solubility of Carbon in Metals. 

Otto Ruff and Bernhard Bercdaul (Zeilsch. imwg. C'hem. 1919, 
106, 76 — 94). — A new method has l>een devised for measuring the 
vapour pressures of metals at high tenqieratures and for the deter- 
mination of their boiling points. The method consists in observing 
the gradual loss of weight occurring whilst the metal is exposed to a 
gradual, uniform rise of temperature to beyond its boiling point. 
The loss of weight is plotted against the temperature, and from the 
curve so obtained the boiling point is estimated. Before the boiling 
point is reached the curve is approximately logarithmic, and beyond 
this point becomes linear, but the change at the boiling point is not 
as sharp as might be expected. For the determinations, a small 
quantity of the metal, .about 0'5 gram, is heated in a very small 
crucible of quartz or carbon. The crucible is suspended from a 
specially designed spring balance, by which the loss of weight is 
observed, and hangs inside a resistance furnace which can be evacu- 
ated and filled with an indifferent gas at any desired pressure, which 
is recorded by a manometer. Special provision is made to ensure a 
uniform rate of rise of temperature. Tlie following results are 
recorded for the boiling points: mercury, 3S7°; cadmium, 785°; 
cine, 930°; arsenic, 568°; antimony, 1330°; bismuth, 1490°; lead, 
1555°; tin, 2270°; copper, 2305°; silver, 1950°; gold, 2600°. The 
results are compared with those of other observers, and in the cases 
of mercury, zinc, and cadmium, for which metals the older measure- 
ments are considered to be fairly trustworthy, the agreement is very 
satisfactory. The results for the vapour pressure of mercury agree 
well with those of Ramsay and Young (T., 1,?86, 49, 453) at tem- 
peratures near the boiling point, but at lower temperatures the 
divergence is considerable. The new method appears to he more 
accurate near the boiling point. 
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When the measurements were made in carbon crucibles, the metal 
became saturated with carbon, and it was po.=sibIe to estimate the 
solubility of carbon in the metals antimony, bismuth, lead, tin 
copper, silver, and gold. In all cases the solubility was found to be 
too low to influence the boiling-point determinations. Tho solubility 
is highest in lead (0-094% at 1555°) and antimony (0-094% at 1327°)^ 
and in the other metals little more than a trace of carbon is dis- 
solved. E. H. E. 

Vapour Tensions of the Metals. J. W. Kichakds {y, 
Franklin, Inst., 1919, 187, 581 — 598). — A theoretical discussion on 
the vapour pressures of liquid and solid metals in connexion with 
Trouton’s rule and Richards’ rule. The many equations for express- 
ing vapour pressure as a function of the temperature are discussed. 
Tables are given of vapour pressures and the latent heats of vapor- 
isation of some forty-three elements, in the former case for the solid 
at 0° and at the melting point; and the equations for calculating the 
vapour pressure at any temperature are given for both the solid and 
liquid. Tlie practical significance of the vapour pressure is indi- 
cated in (1) the distillation of metals (Parkes’, desilverisation pro- 
cess), (ii) loss of zinc in brass melting, (iii) loss of metal as fumes, 
(iv) sherardising and calorising, and (v) vapour losses during elec- 
trolysis. J. F. S. 

A New Laboratory Fractionating Column and the 
Measure of its Efficiency. M. H. Robert (Compt. rend., 1919, 
168, 998 — 1001). — The column is really a double one. The lower 
column is an ordinary bulb fractionating column with beads, but it 
is surrounded by a glass vacuum jacket, -which is highly evacuated. 
Above this column and sealed on to it is another simple fractionating 
column, surrounded by an outer jacket through which air is caused 
to circulate, and on top of this is the still-head. The column gave 
very satisfactoi-y results with mixtures of alcohol and water, acetic 
anhydride and acetic acid, benzene and toluene, in the extraction 
of hexahydrotoiuene from essence of Borneo, and in the fractiona- 
tion of light petroleum. Using the formula ft' = (ff-l))/v,.aiid 
applying it to the benzene-toluene mixture, where v is the amount 
of benzene in the original mixture and a and h are the amounts ol 
benzene and toluene in the first half of the distillate, the efficiencv 
of tho column was found to be 0-94 as against 0-73 for a Vigreiix 
column and 10 for a perfect column. W. G. 

Direct Determination of the Temperature Exponent in 
the Equation of State of Fluids. E. Anifes (Compl. rend., 
1919, 168, 930 — 933). — Knowing the values of I\, and of the 
vapour pressures as well as the volumes Vj and iq at a given tem- 
perature, the author has determined the value of n in the equation 
(vi-vo) = ff7'rT(7]“7..)/87V‘-'-*, for each of the seven substances 
for which the formula was obtained (compare this vol., ii, 184). The 
accuracy of these determinations h.as been tested by calculating the 
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variations of (i', — va) witii temperature and comparing the results 
against those observed by Young. The agreement is good. The 
values obtained for n increase by 0 04 for each increase of three 
atoms in the molecule of the substance, and there is an indicatiow 
that the value of n for diatomic and triatomic substances must be 
close to but just greater than unitv, that is, between 1 and T06. 

W. G. 

The Theory of the Gasification Process. fProdncer 
Gas.] Wa. Ostwald (Ghem. Zeit, 1919, 43, 239 — 231). — Three 
fundamental thermo-chemical equations represent the changes occur- 
ring in a gas producer: ( 1 ) C-t- 02 =C 02 -t 97 ' 6 ; ( 2 ) C + 2 H 20 = 
C0.,+ > (^) C + COj=2CO-38'8. If the carbon is uti- 
lised in these three changes in the relative proportions a, h, and c 
respectively, the complete process may be represented by the equa- 
tion (a-t h -t 2 hH 20 = (u + h — c)C 02 -t 26 Ho + 2 cCO + 

97'6a-16'8i-38'8c. Only two of the quantities U, b, and c are 
independent variables, and any desired values are readily repre- 
sented by means of triangular co-ordinates after the manner intro- 
duced by Gibbs. Any point in the diagram may be represented by 
the equation as above. The values of n, h. and c can readily be 
determined from an analysis of the gas produced. The area of the 
triangle of reference is divided into two regions: ( 1 ) a region of 
combustion and gasification, and ( 2 ) a region of gas regeneration. 
Illustrations are given of the respective situations in these regions 
of the various technical gas mixtures. The author shows how iso- 
tliermals or isocalorics are to be diagrammatically representeal, and 
how an isocaloric solid may be constructed in any given case. The 
diagrams enable the thermo-chemical and volumetric characteristics 
of the process under any given circumstances to be readily ascer- 
tained, and to determine the effect of alteration of working on the 
course of the reactions, the coal consumed, the heating value of the 
gas obtained, etc, d. S. G. T. 

Critical Temperatures of Solution in Aniline of the 
Principal Hydrocarbons occurring in Light Petroleum. 

G. Chavanne and L. J. Simon (Compf. rend., 1919, 168, 
1111 — 1114), — The temperature measured was in each case that 
above which the mixture of aniline and hydrocarbon was homo- 
geneous, no matter what its composition. The hydrocarbons 
examined were those occurring in light petroleum, b. p. below 150®, 
The straight chain aliphatic hydrocarbons had practically the same 
critical temperature of solution, 71°, regardless of their molecular 
weight. Similarly, the i 8 -methyl hydrocarbons all had a critical 
temperature of solution of about 74°, The cyclic hydrocarbons, 
cyc/chexane, etc., had critical temperatures very much lower than 
those, of the corresponding straight chain hydrocarbons, and again 
the substitution of a methyl group had a marked effect. For 
isomeric hydrocarbons, the critical temperatures and the densities 
varied in an inverse ratio. 
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Density and Temperature. W. Hibz (Zeitsch. Elektrochem. 
1919, 25, 145 — 146). — A theoretical paper in which the change of 
density in homologous aeries with temperature change is oonaidered. 
It is shown that whilst the density of the members of .homologous 
series at low and medium temperatures can show both a rising and 
a falling density with increasing number of carbon atoms, at high 
temperatures, near the critical point, the density increases regularly 
with increasing number of carbon atoms. The ratio of the densities 
of two members of an homologous series increases regularly with 
increasing temperature. J. F. 8 , 

Regpilarities in the Magnitudes of Molecular Volumes. 

Fkitz Ephraim and Eduard Michel (Helv. Chim. Acta, 1919, 2 
266 — 276). — A further discussion on molecular volumes and the 
percentage contraction on the sum of the constituent atomic volumes 
(compare A., 1917, ii, 535). Tables are given showing the per- 
centage contraction, calculated according to the equation 
c=mol. vol.x 100/S at. vol., for compounds of the alkali metals 
with most of the atoms or radicles, F, Cl, Br, I, 0, OH, SO,. SeO,, 
NOj, ClOg, C10„ IO 5 , I0„ MnO„ the necessary data and the 
authorities being quoted in another summary. Comparing the 
compounds with a fixed negative part, the percentage contractions 
are very similar, the caesium haloids exhibiting the only abnormally 
great contractions. Comparing the various salts of one metal, 
however, great variations appear, fluorides showing contractions ot 
about 62% and iodides about 30%. In spite of the uncertainty ot 
much of the data, sufficient regularities are revealed to make it 
worth while to pursue such a line of inquiry further, J. C. W, 

Standard Substances for the Calibration of Viscometers. 

E. C. Bingham and R. F. Jackson (Bull. Bureau of StcmdarHs, 
JJ.B.A.. 1918, 14, [1], 59 — 86 ). — As liquids of greater viscosity 
than water, solutions of sucrose and mixtures of ethyl alcohol and 
water are suitable and convenient for use in calibrating viscometers. 
The viscosities of ethyl alcohol-water mixtures have been deter- 
mined by several observers, with fairly concordant results, but the 
accuracy ot existing data relating to sucrose solutions has been 
questioned. In the present work, the viscosities of 20% and 40% 
solutions of sucrose (by weight) were determined at temperatures 
from 0° to 100°, and that of a 60% solution from 10° to 95°, with 
results generally somewhat higher than those obtained hitherto. 
Existing data relating to the viscosity of water were also reviewed 
and corrected, the viscosity and fluidity being calculated for every 
degree from 0° to 100°. In discussing the relative merits of abso- 
lute and specific units for expressing viscosity, the centipoise (cp., 
the one-hundredth part of the C.G.S. unit) is favourably con- 
sidered. By the use of this unit, the absolute and specific viscosi- 
ties of a liquid are practically the same, provided that water a 
20° be taken as the standard. The most probable value for t e 
viscosity of water at 20° was found to be 1'005 cp. 

^ W. E. P. P- 
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Occlusion ol Hydrogen by the Metallic Elements and 
its Relation to Magnetic Properties. Donald P. Smith ( J . 
physical Chem.y 1919, 23, 186 — ^202). — A theoretical paper in 
which the literature on the occlusion of hydrogen by metals is dis- 
cussed, It is shown that the alloys produced when hydrogen is 
occluded by metals are to be sharply distinguished from other types 
of binary hydrogen compounds (KH, SbHj), and that these and 
the hydrogen-occluding metals occupy definite sharply divided 
regions of Werner's periodic table. The power of occluding 
hydrogen is compared with the magnetic properties of the metals, 
and it is shown that elements with a specific magnetic susceptibility 
greater than 0'9 x 10"® at the ordinary temperature occlude 
hydrogen strongly, whilst thbse with a smaller susceptibility do not 
occlude hydrogen. Possible exceptions to this generalisation are 
copper, rhodium, and thorium. Hence it is concluded that the 
capacity of a metal to occlude hydrogen in large amounts is 
restricted to those of strongly magnetic character. A fairly com- 
prehensive bibliography of the occlusion of hydrogen by metals is 
appended to the paper. J. y, g. 

The Surface Coudensation (Adsorption) of Water-vapour 
and Gases and the Errors in Weighing arising Therefrom, 

K. Schehinoa (/’Wm. WeekhlMl, 1919, 56, 94--107).— A review 
of the literature bearing on this subject. The author concludes 
that errors in weighing due to the true adsorption of water vapour 
or sir on the surface of the most commonly occurring substances 
may be neglected. W, S. M. 

Adsorption of Electrolytes by Charcoal. Petke Rona and 
Leonor Michaelis (Biochevi. Zeilsch., 1919, 94, 240 — 260). — All 
salts, adds, and alkalis are adsorbed by charcoal, the anions and 
cations being adsorbed in equivalent amounts. Iodides, cyanides, 
and aluminium trichloride showed a slight difference in the adsorp- 
tion of anions and cations, which is apparently not due to the 
actual process of adsorption. The adsorbability of a salt is deter- 
mined by that of its component ions. Anions are adsorbed in the 
order S 04 <HP 04 , CI<;Br<N 03 <I<CNS< 0 H, and cations in 
tie order K, Na, NH,<Ca, Mg<Zn<Cu<Al<H. A strongly 
adsorbable ion will supersede one possessing a lower adsorbability. 

J. C. D. 

Adsorption by Precipitates. I. Haeky B. Weises and 
J. L. SuEssicK (J. physical Ghem., 1919, 23, 205 — 252). — The 
amount to which the following anions, chloride, bromide, iodide, 
chlorate, permanganate, nitrate, nitrite, cyanide, thiocyanate, ferro- 
cyanide, and ferricyanide, are adsorbed by barium sulphate has 
been determined. Barium sulphate was precipitated by mixing a 
solution of sodium sulphate with solutions of barium salts of t^e 
various acids yielding the above-named anions, and the precipitate 
analysed. One hundred gram-mols. of barium sulphate adsorb 
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O-OIG equiv ions, I'; 0-220, CNS'; O'SIO, CN'; 0-831, Br'; 1-76(1, 
Cl' ■■2-695, Fe(CN)e“'; 2-847, MnO/; 6-837, CIO 3 '; 7-467, NO,'; 
8-482, NO 3 '; 13-201, Fe(CN) 5 ’''. In the case of the chlorate and 
permanganate ions, the adsorption is less when an excess of sodium 
sulphate is used in the precipitation.. Changes in the conditions 
of precipitation affect the amount of adsorption, but not the order 
in which the ions are adsorbed. The observed order is not in 
accord -with Schulze’s law, although the quadrivalent ferrocyamde 
ion is most strongly adsorbed; but there are four univalent ions 
more strongly adsorbed than the tervalent ferricyanide 1011 , and 
there is a wide variation in the amounts of univalent 10 ns adsorbed. 
Determination of the order of the ions by direct analysis of tie 
adsorbing phase is preferable to deducing the order from coagula- 
tion data, since the former method is superior in accuracy. It i, 
probably inaccurate in any case to assume that the ion with the 
same charge as the colloidal particles has no effect in determining 
the critical coagulation of the colloid by electrolytes. It 15 more 
probable that the relatively small effect of the ion with the same 
charge as the colloid may be lost sight of altogether, because ot ■ 
the errors inherent in the experimental method. The order if 
adsorption of anions by barium sulphate is the reveme of that 
deduced from Hofmeister’s data (/icifr. chem. Phpstol, im 
07-1 on the coagulation of albumin by electrolytes. The adsorption 
bv charcoal and hydrated ferric oxide is more nearly what it is 
with barium sulphate. The adsorption for ions by a given 
adsorbent is controlled by the nature and valency of the lon^ 
With ions of the same general character, the specific character of 
the adsorption is not very pronounced, and the valency factor pre- 
dominates. Thus nitrate and nitrite ions are adsorbed to nearly 
the same extent, and among the cyanogen derivatives the order 
Fe(CN'l.di>Fe(CN)f,"'>CN', CNS' is observed. Nitrates are 
adsorbed more than chlorates end chlorides, an observation in beep- 
ing with analytical practice. Colloidal solutions of barium sdphile 
are usually positive, due to strong preferential adsorption ^ot bar™ 
ion. 

The Congo Dyes and Adsorption as the Preliminarj 
Phase of Chemical Union. E. Wedekind and H. RHEimm 

(Ber 1919 52, r«l. 1013— 1021. Compare Wedekind and Hheip- 

boldt’ A 1914, ii, 626).— The behaviour of the blue solu.M 

obtained by treating Congo-red with acids towards various tol oih 
has been examined ; it is found that acid gels which are fre fr® 
electrolytes (silicic acid, metastannic acid titanic acid. tung» 
acid, molybdio acid, vanadic acid) do not adsorb the Congo y - 
and do net cause any change in colour on heating; basic ge., 
the other hand (oxides of zirconium, thonum 
lanthanum, zinc, gliicinnm, iron, and 

acid and. when heated, assume the red colour which is Aar ^ 
istic ot the salts. It .appears probable that the Congo-acid el s 
to the weakest class of acids, and that aqiiemis solutions of ton; 
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reil, in consequence of hydrolysis, always contain a greater or less 
amount of the red, azotd, free Congo-acid, which is transformed 
by hydrogen ions into the blue, insoluble isoineridc. The adsorp- 
tion of the Congo-acid is attributed to tbe formation of a primary 
adsorption compound of the free blue acid, which when warmed 
or preserved becomes converted (probably through the red acid) 
into a complex salt of acid and base. The phenomenon thus gives 
an experimental confirmation of the hypothesis that, particularly 
in heterogeneous systems, chemical action is preceded by the pro- 
duction of an adsorption compound. 

Similar behaviour is observed with other dyes, such as benzo- 
purpurin 4B, benzopurpurin lOB, naphthalene-red, benzo-orange R, 
Congo-corinth G, and Congo-corinth B. H. W. 

Osmotic Pressures Derived from Vapour Pressure 
Measurements : Aqueous Slolutions of Cane-sugar and 
Methyl Glucoside. The Eahl of Berkeley, Eexald G. J. Hart- 
ley, and C. V. Burton {I^hU. Trans., 1919, [d j, 218, 295—349).— 
The compressibility of solutions of sucrose ajid o-methyl glucoside’ 
has been determined in a series of concentrations at the tempera- 
tures 0° and 30®. In general, th© method and apparatus adopted 
is similar to that used in the case of ealciinn ferrocyanid© (A., 
1909, ii, 126). The glass containing tubes, previously used, are, 
however, replaced by metal tubes fitted with a nunjber of plate- 
glass windows, and the piezometer is divided into two limbs, thus 
providing for more rapid temperature adjustment. The apparatus 
was tested with water and mercury, and for these substances the 
following results were obtained : mercury, at 0®, mean relative 
coefficient of compressibility between 1 — 101 atms., 0-169 
at 18®, mean relative coefficient between 1 — 110 atms., 0T71 x 10“^; 
at 29-5®, mean relative coefficient between 8 — 150 atms., 
OT65xlO"®. Water at 0’12®, absolute coefficient of compressi- 
bility between 17 — 48 atms., 5'085 xl0“^; at 30-01°, absolute 
coefficient between 17 — 48 atms., 4'458xl0''®. In the case of 
sucrose at 0®, compressibility coefficients were obtained ranging 
from 4-391x10“^ for a solution containing 180 grams of sucrose 
per litre over the pressure range 0 — 20 atms., to 2'235 x 10"^ for a 
solution of 215'4 grams of sucrose in 100 grams of water over the 
pressure range 10- 27 atms. At 30®, values were obtained varying 
from 3‘335 xl0"® for a solution of 420 grams of sucrose per litre 
over the pressure range 0 — 27 atms. to 2-205 x 10-® for a solution 
of 243 grams of sucrose in 100 grams of water over the pressure 
ranije 88 — 116 atms. In the case of o-methyl glucoside at 0®, a 
solution of 23 grams in 100 grams of water gave the coefficient 
4 078 x 10“^ over the pressure range 17 — 48 atms., and a solution 
of 92 grams in 100 grams of water gave the coefficient 2‘893 over 
the pressure range 0 — 44 atms. At 30®, for the same solutions, the 
values 3'848xl0~^ over the range 20 — 31 atms. and 2'979 xl0‘^ 
over the range 24 — 75 atms. were found re.spectively. Vapour- 
pressure determination.*? of aoliitions of sucrose, o-methyl glucoside, 
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and sulphuric acid have been made at 0° and 30° in an apparatus 
previously described (A., 1906, ii, 599). The possible sources of 
error in the method of determination are discussed at some length 
and in the actual experimente these are avoided or corrected in 
the results. Very full tabulated results are given for the three 
substances measured, and from the results the osmotic pressure is 
calculated and compared with the experimentally determined value, 
The calculations are made by means of the expression 

where P is the osmotic pressure, s is the mean specific volume over 
the range 1 - (1 + P), Zj and Zq the loss of weight of the solution 
and solvent respectively, p, and pe the corresponding vapour densi- 
ties, a-y and the corresponding vapour pressures, B the baro- 
metric pressure, t,. and the observed vapour pressures, and 
= Pol Pi - %'/"■.'■ values previously 

published for calcium ferrocyanide (loc. cit.) are recalculated to 
allow for the “ Burton correction,” that the volume of the air 
entering the liquid is slightly different from that leaving it. 

J. P. g. 

The Experimental Investigation of Crystal Structure 
by means of A-Rays. R. Gross {Jahrb. Badioakiw. Elektrcmik, 
1918, 15, 305—329). — A useful account is given of the methods 
which have been developed for investigating crystal structure by 
means of Routgen rays. The methods described are the Bragg 
reflexion method, the Laue photographic method, and the Debye- 
Soherrer method, by means of which a crystalline powder can be 
examined in place of a well-developed crystal. The results which 
have been obtained by the last method are particularly important, 
as they show that substances formerly considered to be amorphous 
are in reality crystalline. Thus it was found that soot has essenti- 
ally the same structure as graphite, and it becomes necessary to 
revise our opinions of the solid state. Probably there are no true 
amorphous solids, only crystals and liquids with varying degrees 
of viscosity up to the high viscosity of the glasses. E. H. E. 

Kineto-electro-magnetic Theory of Crystals. J. Beckss- 
KAMP {Verh. Physik. Med. Gex. Wurzburg, 1918, 45, 135 — 163; 
from Ghem. Zentr., 1919, i, 273).— The previously described models 
of the constitution of the atom are reviewed and Bohr’s theory is 
extended. The helium atom must consist of four positive nuclei 
which, by reason of mutual repulsion, occupy the comers of a 
regular tetrahedron. If each tetrahedron face contains the path 
of an electron, the four normals constitute magnetic axes which 
form an astatic system, that is, one in which no external magnetic 
action is exhibited at a distance. 'The atom itself is electneal y 
neutralised. The lines connecting the centres of gravity of atoms 
united by valencies form polar electric axes. In a homogeneous 
regular crystal, the chemical molecules appear to be^ invana y 
arranged in a four-fold cubic lattice, the latter consisting of our 
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interloped simple cubic latfci«*. In each of these, the electric 
axes of all molecules are directed towards similar tL“a 
normals In homogenous regular crystels, therefore, the ewt 
axes of the chemical molecules form an astatic system. The cmtel 
tae metals, copper, silver, and gold, as well as lead and aluuSium 
pve, accordmgy, monoatomic molecules, crystalline carton a 
diatomic moloule, since in the first cases the Lnis aret^ansed 
m 0 ^, in the second mstance in two, four-fold cubic Strict 
According to rtis hypothesis, arsenic, antimony, bismuth aS 
tMgsten pve tetra-atomic molecules in the crystolline state In 
other crystals, the astatic system may be built in two waysVtw 
parallel and opposite axes or two axes intemecting at 120°) or in 
Ocordance with the four directions of the tetrahedra normals 
This theory differs from that of Bohr, since the valency is reg^ded 
from a uniform principle, the astatic arrangement of the paths of 

M. W. 

Recrystallisation in Metals. G. Tammann (Mohr X Gsi 
hull's, ffiirimyen 1918, l-Il ; from CAem. Ztntr., 1919, i, 321-322 
Compare A., 1918, ii, 447).— During the cold working of metallic 
castings, planes are developed in the crystallites in which the 
neighbouring portions of the crystallite displace one another. In 
this manner, a fluid structure is attained which greatly affects the 
properties of rte casting, particularly with regard to elasticity 
The onginal structure returns on heating, and also the oriKinal 
properties. The cause of recrystallisation lies in the formation of 
minute new crystallites m the debris of the crystallites of the cold- 
worked metal; these increase very slowly at the temperature of 
actual commencement of the process, but with increasing rapidity 
as the temperature rises. If the temperature is increased in steps 
each increase is accompanied by enlargement of the granules which 
speedily ceases, but recommences with each new rise in tempera- 
ture. An attempt is made to explain the phenomena of recrystal- 
hsation on the following lines. Two crystals in contact can only 
be m equi ibrium with one another when cry.stallographicallv- 
equivalent lattice planes of both crystals lie in one plane at the 
surtace of contact; the two space lattices must either form a single 
attice or the plane of contact imist be a twin plane. The two 
Jatuces must occupy a definite position with respect to one another 
1 one or other of these conditions is not fulfilled, new net planes 
0 intermediate orientation are formed at the plane of contact 
~ v”’ begins) as soon as the temperature is raised 

siimciently for appreciable change in position of the atoms or mole- 
cuies in the lattice to occur. Since it is highly improbable that 
e contecl of two crystals will occur in such a manner that a net 
1 o"® plane, recrystallisation will almost 

ays take place at the meeting point of two crystallites. Twin 
orma ion shows that the contact of two crystals in a common plane 
symmetry does not disturb the equilibrium. In twin formation. 
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the plane is not formed by the accidental meeting of two growing 
crystals, but is due to the growth of each. Twin crystals may con- 
sequently be expected to be frequently formed during recrystallisa- 
tion, but the degree will vary with different metals. 

Recrystallisation commences with tin after half an hour’s heat- 
ing at 45^^; at 150®, the new particles are still relatively small. 
Lead behaves very similarly. With zinc, recrystallisation is dis- 
tinctly evidenced at 75® by the formation of relatively large crystal- 
lites; the size of the latter decreases with increase of temperature 
up to 250®, and then increases, slowly at first, more rapidly from 
350°. The particles are smallest between 150® and 300°. Foi- 
aluminium, the minimum occurs between 300® and 500®. Observa- 
tions are also recorded on rolled copper and impure tin. The 
unusually marked dependence of the size of the particles after 
recrystallisation on the degree of deformation of iron is readily 
interpreted by the author’s hypothesis. H. W. 

Eutexis and Dilute Solutions. Alb. Colson (Compt. rcjid., 
1919, 168, 942- 944. Compare this vol., ii, 186). — Starting with 
the law of solubility (1), 4'If>L = T{V + e)idCldT, the volume I' of 
the solvent, which contains 1 mol. of the solute in saturated solu- 
tion. increases with cooling when L'^0. It attains a minimum 
when 7j changes sign. At the eutectic point, it reaches a maximum, 
where it remains constant, and at the same time T and C remain 
constant. In other words, the solution maintains a constant com- 
position, which is the same as that of the solid deposited. If to 
such a solution at a temperature equal or inferior to the eutectic 
temperature. 7’c. some of the solvent in the solid state is added, it 
remains in that form until the temperature rises above Te, The 
solubility of the solvent in the solution may be expressed by (2) 
= + dCi/dT, and drf IdT- -dCldT. In other 

words, equation (1) gives the saturation of a substance A in a 
substance whilst equation (2) is relative to the saturation of B 
in A. The point of intersection of the two curves gives the eutectic 
point. W. G. 

Estimation of the Size and Internal Structure of Colloidal 
Particles by Means of Rontgen Rays. P. Schehrer {Nackr. 
Ges. irLs. Gottingen, 1918, 96 — 100; from Chem. Zentr., 1919, 
i, 322 -323).- — The method of Debye and Scherrer [Physikal. 

■ Zeitsch., 1916, 17, 277) has been applied to the determination of 
the size and structure of typical organic and inorganic colloids. 
Two cases are possible, depending on the presence or absence of 
crystalline structure in the single colloid particle. In the forinei 
case, numerous interference figure.s are to be expected in the 
Rontgen photographs arranged in a manner characteristic of the 
space lattice. The position of the interference figures does not 
depend on the magnitude of the single crystals, but on its breadth. 
In the absence of crystalline structure, one or two very flat maxima 
in the region of the incident Rontgen ray are to be expected, and 
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it is then difficult to deduce evidence as to the internal arrange- 
ment of the atoms. Silver and gold particles are found to be 
crystalline and to show precisely the same space lattice as the 
macroscopic gold crystals. The size of the particles agrees with 
that found by other methods. Even in the smallest gold particles, 
which are much too small to be observed with the ultramicroscope, 
the characteristic space lattice is observed. Old specimens of silicic 
acid and stannic acid gels exhibit well-marked crystalline inter- 
ference figures in addition to the cbaracteristics of amorphous sub- 
stances, and probably represent substances which are at the point of 
crystallising- Typical organic colloids (albumin, gelatin, casein, 
cellulose, starch, etc.) appear to be amorphous; the colloid particles 
therefore probably consist of individual molecules or of groups of 
irregularly orientated -molecules. H. W. 

Colour of Colloids. III. and IV. Whder D. Banceopi (J. 
rh;,iicd Vhem., 1919, 23, 154—185, 253-282. Compare this vol., 
ii, 102, 187).— Theoretical papers in which the discussion com- 
iiiciiced in the previous papers is continued. Ill deals with the 
effects produced by reflection from natural objects and its influence 
oil visibility. In IV the influence of interference and diffraction 
ot light is considered. J. F. S. 

Influence of Substitution in the Components of Binary 
Solutions Equilibria. XVII. Binary Solutions Equilibria 
oi Diphenylamine with Phenols and their Derivatives. 

Robert Keemann and Rudolf Schadinger (MonuUh., 1919, 40, 
35 — 56, Compare A., 1918, ii, 68, 69; this vol., ii, 15, 55, 143). — 
.Melting-point curves have been constructed for the binary systems 
formed between diphenylamine on the one hand and o-naplithol, 
6-iiaphthol, pyrogallol, or one of the three dihydroxybenzenes on 
the other, In no case is a compound formed between the com- 
ponents, but only simple eutectics. This is attributed to steric 
iiiiliiences and to a diminution of the heteropolarity. The three 
biliary systems formed between diphenylamine and the three nitrm 
pheiiols also yield only simple eutectics and no compounds. Picric 
acid and diphenylamine form an equimolecular compound. 

J. F. S. 

Influence of Substitution in the Components of Binary 
Solutions Equilibria. XVIII. Binary Solutions Equilibria 
between Nltrosodimethylaniline and some Amines. Robert 
Kuemakn and Otto Wik (Jfonuts/i,, 1919, 40, 57 — 79. Compare 
preceding abstract). — Melting-point curves have been constructed 
for the binary mixtures formed between uitrosodimethylaniline and 
a-iiaphthylamine, the three pheuylenediamines, acetamide, benz- 
anude, pyridine, quinoline, and acridine. It is shown that a com- 
pound, m. p. 84°, is formed between two molecules of nitroso- 
oiiiiethylaniline and one molecule of a-naphthylamine ; -m-phenylene- 
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^diamine and ;^phenyIenediamin© ©ach form compounds with two 
molecules of nitrosodimethylaniliue, whilst o-phenylenediamine 
forms an equimolecular compound, m. p. 99'^. Two molecules of 
nitrosodimebhylaniline form compounds with one molecule of acet- 
amide and henzamide respectively. One molecule of nitroso- 
dimethylaniline combines with four molecules of pyridine, m. p. 
4 ‘3°, whilst in the case of acridine, three compounds were formed 
consisting of nitroso-corapound and acridine in the molecular ratios 
2:1, 3:2, and 1:1. In the case of quinoline, no compounds are 
indicated. J. F. S. 


Investigations on Carbonate- and Chloride-Fusions. Paul 
Niggh (Zeitsck. anorg. Ohcm.^ 1919, 106, 126 — 142). — The 
equilibrium conditions in the system 

been studied between 600® and 1000® in an atmosphere of carbon 
dioxide at atmospheric pres.sure. The two binary systems 
N'a 2 C 03 -CaC 0 .^ and KnCOa-CaCOg have previously been dealt with 
(A., 1916, ii, 211). The other binary system Has now been studied. 
Sodium and potassium carbonates form a continuous series of mixed 
crystals, the minimum point on the curve lying at 712® with about 
46 mol. % of potassium carbonate. Mixtures of sodium and potass- 
ium carbonates containing 50 mol. % of calcium carbonate l3ehave 
as binary mixtures of the two double salts NaoCa(CO,i 5)2 and 
KoCa(C 03 )o below 850°. but above this temperature the salts 
readily lose carbon dioxide. The double salts form a continuous 
series of mixed crystals. Mixtures of the three carbonates con- 
taining less than 50 mol. % of calcium carbonate behave up to 900° 
under one atmosphere of carbon dioxide as a ternary systein. The 
equilibrium diagram is given in the form of a triangle with the 
three simple carbonates as the comer constituents. 

In the course of the investigation of the system NajCl.^-Na.COi^- 
CaCOg-CaCU, two binary systems have been examined. The ex- 
amination of the system CaCU— CaCO^ offers great experimental 
difficulties. With a large pro]>ortioTi of calcium carbonate, the 
melts become very viscous at about 700®, and the cooling effects are 
uncertain. Sometimes, just previous to crystallisation, an emulsion 
appears to be formed. Formation of oxychloride is almost un- 
avoidable. With 30 mol. % of calcium carbonate, there is a eutectic 
at about 622®. The system Na 2 CL,“Na.,COs has a eutectic point at 
640°. The examination of the ternary system Na^Cb-NaoCOj- 
CaCOg also offered difficulties on account of the viscous nature of 
the melts and of th© small thermal effects. Two characteristic 


arrest points were found, at 690® and 640®. The results are shown 
on a triangular diagram with Na^CL, Na^CO^, and CaCOg as the 
corner constituents. The petrological significance of the results or 
the investigations is discussed. 


The Propagation of Flame in Mixtures of Acetylene 
and Air. Walter Mason and Richard Vernon Whekler 
(T., 1919, 115, 578—587). 
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Calculation of Temperatures of Explosion. A. V, Blom* 

{?,. ges. Schie^s. u. SprengstoffvK^ 1916, 11, 219—221 ; from Chem. 
Zentr.y 1919, i, 268). — The maximum temperature obtained during 
explosion may be calculated from the formula: (1) dQ-C^dt 
where Q is the heat of comhuation and ia determined calorimetric- 
ally or calculated from thermochemical data, and the true 
molecular specific heat at constant volume, From the values for 
the gpeeifie heat of polyatomic gases obtained during recent years 
(the calculations of temperature, particularly for triatomic gases 
and the older linear formuhe, are useless), the following functions 
(2) for are obtained: Tr 2 > C^'=4*70 + 0-90x 10-3j5; 0^ N,, CO 
(;/=4*90 + 0-90x 10-s«; CO 2 , C' = 7*98 + 2*44xl0-8<; HgO," C7' = 
3'84 + 4'68x10 + . . , (The tempera- 

ture-coefficients express the mobility of the atoms in the molecule.) 
Using the general expression G' = ^(t)=^a + $i, and substituting in 
equation (1), the formula dQ = (a-^$t)dt is obtained, which, on 
integration, becomes Q~at + ($f2)t^ (3). If the relative quanti- 
ties of gases formed by explosion are [H], [N], [0], fCO], [COJ, 
and [HoO], the following coefficients are derived. from formula (2) : 

a-4-70rH] 4-90{rNl H- [OU [CO]} -h 7-98[CO.] -f- 3-84[H,Ol, 

i3 = 0-9([H]-h[O] + [N]H-[CO))-f-2*44[CO2] + 4-68[H2O].10-'3. 

The temperature of explosion may then be calculated by sub- 
stituting th6.se coefficients in equation (3). H. W. 

The Determination of the Temperatures Reached in 
Explosive Reactions. Hbnri Mubaoue (Compt, rend., 1919, 
168, 995 — 997). — The two indirect methods commonly used ijpr 
evaluating the temperatures reached in explosive reactions require 
the assumption of the composition of the gas at the moment of the 
explosion, and according as it is assumed that methane exists 
at the moment of the explosion or that it is formed during the 
cooling, so wide differences in temperature may be obtained. 

Working with powders, which gave ga.ses rich in methane, and 
using an “ erosion ” bomb with sudden liberation of the gases, the 
author finds that the greater part, if not the whole, of the methane 
contained in the products of combustion of powders is formed 
during the period of cooling. Thus, then, in calculating the 
temperatures of explosion, the most accurate results will be obtained 
by reverting the whole of the methane to CO-fH^. As a result 
of this, it is shown that the temperature of explosion of powders 
does not i^jcrease when the density of the charge is increased. 

W. G. 

The Thermal Decomposition of Phosphine. MaxTrautz 

and Divacar S. Bhandarkah (Zeksrh. an<yrg. GJ^em., 1919, 106 , 
95—125), — The rate of decomposition of phosphine into phosphorus 
and hydrogen has been measured manometrically in a porcelain 
vessel at temperatures between 845° and 956°. Above the latter 
teiTiperature, the decomposition is too rapid for measurement. The 
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^reaction is of the first order, and is the first example of a gas reac- 
tion of this order to be recorded. Only above 945°, however, jj 
the reaction uninflnenced by the walls of the vessel, and therefore 
a pure gas reaction. Above this temperature, the temperature, 
coefficient is about 1'8, but below 946° it sinhs rapidly, owing to 
the growing predominance of the surface reaction. By means of 
the theory of gas reactions, the "heat of activation ” and the sire 
of the phosphine molecule arc calculated. From the value of tie 
former quantity, it is calculated that the limit of photosensitive, 
ness for phosphine, apart from the infra-red, lies at about 329 
This research provides the first experimental proof of the theory ( 
of gas reactions (A., 1918, ii, 151), and also confirms the opinion 
that a gas reaction can be freed entirely from the influence of tie 
surface of the reaction vessel if the temperature be raised sufficicntlv 
high. 

The reaction appears to be retarded by water vapour and 
accelerated by copner, but the differences observed scarcely fall 
outside the limits of error of the experiments. E. H. K, 

Catalysis. XI. The Le Chatelier-Braun Principle from 
the Point of View of the Radiation Hypothesis. Wimu 
CuDMORE McCuii.arh Lewis (T., 1919. 115, 710 — 712). 


The Atomic Ether, Hydrogen Atom, and Planck's 
Energy Quantum. L. Zehnder (Ber. Dent. physikaL Ge.^., 191), 
21, 118 — 125). — A theoretical paper in which the author puts for 
ward a theory of an atomic ether. This substance is supposed ft 
bi made up of spherical ether atoms which are very small in com- 
parison with atoms of matter; thev are completely elastic, and 
move with a velocity comparable with that of light, A sheath of 
ether atoms surrounds every material atom and molecule, and all 
matter is pervious to ether atoms, so that there is no such state as 
an ether vacuum. The author is of opinion that differences in 
velocity of ether atoms constitute many of the physical phenomena; 
for example, electricity is nothing hut the heat of the ether, and 
light, percussion of the ether. The electron is made up of a definitt 
number of ether atoms with an increased heat content. H( 
increase of mass of an electron with increase in velocity is attributed, 
to the carrving of more ether atoms hv the electron. This tbeorr 
is examined in connexion with several physical laws, and found not 
to be at variance with them. The hydrogen atom is supposed to 
be spherical, made up of a perfectly elastic nucleus surrounded h 
an imperfectly elastic ether sheath. J- T- S. 


Mechanical Philosophy and Surface Tension. 

Edwarps (Chetn. .Vcics, i919, 118. 270 — 27 ^.— A theoretri 
paper in- which it is shown that the difference in thermal enerp 
of an electron inside a liquid and a free electron may be measut 
by the relative energies of the positive ether atom. The 
the positive atom of free ether is 1'058 erg., and may be ca!cu> 
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w the equations t^ = J;«?=|(5175xl0i7)(i-39xl0-2^) C.G.H., 

J i^f;2=0'4C^ X 10“^* C.G.S. From these formvilEe, the velocity 
i(j) of the ether atom is ^uud to be 5*193x10’®, or 3v^3xl0’® 
ctn /sec. This value is »JZ times the radiation velocity, that is, 
taa60® times the radiation velocity, thus proving that the path of 
the ether atom coincides with the four edges of a regular tetra- 
hedron. This completes the theory of an atomic ether, previously 
nublished {ihid., 1919, US, 183), and shows that the atom does 
not reciprocate in a rectilinear path, which would be the hypo- 
thetical alternative motion in a dodecahedral formation with double 
nlena In dilute solution, the intrinsic molecular pressure of water 
is'found to be 4‘51U9 x 10” dynes, which is about forty-one times 
larger than the generally accepted estimate. This intrinsic pressure 
can be exactly determined from the heat of neutralisation, so that 
the unknown term djtldT of the Clausius equation (dpjdT- 
calculated. Further, if the Ebtvos formula 
is accepted, the surface tension of a single molecule is obtainable 
with the weight of the molecule or molecular aggregate, and as 
the periodic specific volumes and periodic specific entropies of the 
elements are measurable, they can all be shown to be functions of 
the atomic shapes, which recur in accordance with the periodic 
system when the chemical atoms are assumed to be built up 
symm:':'ically with the ether atom as the tetrahedral unit. 

‘ J, F. S. 

Theory of Allotropy: Allotropes and AUotropoids. 

Maurice Copisxrow (Chem. Netvs, 1919, 118, 265 — 266). — Allo- 
tropy is defined as the capacity of an element to exist in forms 
differing iu the mode of their intramolecular linking; it is to be 
regarded as a function of the valency. From this definition, it 
becomes possible to deduce the number of allotropes of a given 
element. Univalent elements can exist in only one allotropic 
modification, bivalent elements in two forms: (a) as a molecular 
structure in which both valencies of the elements are fixed, (&) as 
molecular structure in which some valencies are free. In the 
ase of tervalent elements, two allotropes are possible: (a-) a 
aturated molecular' structure in which all valencies are fix^, 
h) an unsaturated molecular structure in which some valencies 
j'e free. Qiiadri-, quinqui-. and other multi-valent elements may 
ixist in three allotropic modifications: (u) a rigid molecular Ip™ 
II which all valencies are fixed, (h) a rigid molecular form in which 
wme valencies are free, and (c) a non-rigid molecular form in which 
iome vp.lencie.s are free. Tt thus follows that valency and the 
saturation or fixation of the atoms, and not the number of atoms, 
play the predominant part in the determination of allotropes, and 
eonsequentlv allotropy becomes the capacity of an element to exist 
in forms differing in the mode of their intramolecular structure. 
jMolecular forms differing in the number of atoms or the distribu- 
lion of linkings, but all belonging to the same type of linking, can 
h termed allotropoids. These molecular forms serve as the transi- 
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tion stage between polymorphism and allotropy, and can be com. 
pared with cryptoisomeric substances. J. F. 8. 

The Hollandus Writings : a Forgery in the Second Half 
of the Sixteenth Century. Paul Biergabt (Chem. Zeit.^ 19^9 
43, 201). — A reasoned statement showing that the works attributed 
to Isaak and Johann Isaak, of Holland, are forgeries of a date 
somewhere in the second half of the sixteenth century. J. p. 

The Death of Scheele. Luciano P. J. Palet (Anal. Soc, 
Qutm. Argeniinay 1919, 7, 44 — 48). — ^The author directs attentiou 
to an error widely disseminated in chemical and toxicological litera- 
ture that Scheele died from the effects of the inhalation of 
hydrogen cyanide, which he discovered. The error seems to have 
arisen from the confusion of the following facts. In 1775 Scheele 
discovered hydrogen arsenide, and in 1782 hydrogen cyanide. In 
1813 the toxicity of the latter gas was demonstrated by Gehlen, also 
a Swede, who died in 1815 from the effects of poisoning with 
hydrogen arsenide. Scheele died in 1786 of phthisis. W. 8. M. 

Loosening of Fixed Glass Parts (Stopcocks, etc^ by 
means of Hydrogen Peroxide. Schwarze {Milnclu Med. Wock, 
1918, 65^ 1327; from Chem. Zentr.j 1919, ii, 83). — Glass stoppers, 
stopcocks, etc., which have become fixed may be loosened by 
immersion in undiluted hydrogen peroxide solution. H. W. 

Device for Removing Plugs from Stopcocks. VerxoxC. 
Allison (J. Jnd. Zng. Chem.y 1919, 11, 468). — The apparatus 
consists of a wooden vice, one jaw of which is hollowed so that it 
fits over the handle and presses against the wide end of the barrel 
of the tap, whilst the other jaw carries a pin, by means of which 
a steady pressure can be exerted against the narrow end of die 
tap. Almost any tap which has “stuck” can be loosened by using 
this vice. W. P. 8. 


Inorganic Chemistry. 


The Systems Chlorine, Hypochlorous Acid, Sodium 
Hypochlorite, db Mallman (Cowp/. rcwd., 1919 , 168 , 1114 — 1117 ). 
— To determine the amounts of free chlorine x, chlorine as hypo- 
chlorous acid y, and chlorine as sodium hypochlorite t, in an 
aqueous solution containing chlorine in the three forms, the 
ing process is recommended. The total active chlorine, a, is ^ 
determined, giving 3 ?+ 2y-f-2z— o, and if this is determined 
metrically, the mixture with potassium iodide being acidified 
a known volume of il^/5-hydrochloric acid, then the loss in aci i y> 
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Corine pva j- TbabbK^ i* terma of 

giving X, and thus the three unk^iwns mav 
sodium chloride is present, the value for r I »r K 

portion of the chlorine present as hypochlorous il'l i, “ 

over. As a result of numerous expenmenta the carried 

that when chlorine, hypochlorous acid anti concludes 

in aqueous solution are mixed there t nrl hypochlorite 

verlible reaction Cl„ + NaOCl I IT O = 


reversible reaction Ch, + NaOCl i I'ncftich' w:'g. 

Sulphur in Sulphur^MoMSdorfdi.^^G ^l^um and°M* 

{Atti R. Accad. Lineei, 1919, [v|, 28 i 217— OOSt 

behaviour of sulphur inonochloride in lim.n/bf ’ ^h® p^“copic 

spends with the formula 8,017 A mivLre of 

and sulphur depresses the 'freesiug point of” “““ochlonde 

amount less than the sum of the deprLsions 

solutes taken separately. The eonchsion is ^draw^thm- h 

solution contains polvthionic ^ 

components, the div^rgen^ ol the 

depression indicating approximately the form the calculated 

chloride. In bromofon^'^solutmt [he highesTt^^^^ 

S a huf ”hf‘^d‘“™h tetrathioZ^ehlorX 

SjClj, but chlorides richer m sulphur probablv exist ir. 7i, f “ i 
sulphur in the monochloride. To the prescn™ of tL 7’™® 
chlorides are due the formation of ^nolvlhio-der' r 
action, substitutive in character of sulnh^ur[nonorhl*'’”V'^*^ 
substances, and also the fart that in thr ^ i ® ^ 
caontohouc by means of sulphur raonochloride, p[J^uetrmay hi 
lied containing sulphur in excess of the ratio S : Cl. T. H. P 

S ^auth^^^T^ r ^ 'Van. t^^l^rSiO^in tZ’ 

assumed Tote f°^ allotropy, two pseudo-components being 
assumed, Toteccount for a inetastahle transition point however 

put WriTi'n th” ®°"seq«ently the solution 

fee pTeudVc m assumption of 

tobefn a state 7”" 

equilibrium' dkvrt e<l»ilihrmm, and are treated in the 

it the a f 7-® The discussion is limited 

^ud wthtriVS^*" " 

Po’;Sm°Ch&“‘“^ of Mixed Crystals between 

(Sihun^sZ “ n"?* CMoride. B. Nackkn- ' 

(’’‘cm. Zentr fg\q^- 'f Z"' 192-200; from 

1906 ’ ‘vJ' and Shemtschushni, 

’ ’ aaoj.— iJie experiments were undertaken with the 
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object of investigating the separation curve with greater accuracy 
than has yet been possible with cooling curves, which can show 
considerable inaccuracies due to the tardiness with which equil- 
ibrium is established in the solid phase. The method adopted was 
that of Day and Sosman (A., 1911, ii, 496), and the regioa oi 
existence of mixed crystals was found to he considerably smaller 
than has been previously assumed. The critical separation tempera- 
ture lies slightly below 500° (according to previous determinations 
373 — 405°), the composition of the maximum at about 65 mol. % 
NaCl. In a mixture of the two components, pure sodium chloride 
appears to be stable below 300°, pure potassium chloride slightly 
below 250°. 

luve-stigation of the various mixtures was carried out by the 
aid of their refractive indices, using suitable mixtures of liquids; 
the latter were made up from eugenol with either oil of cinnamon 
or sandal-wood oil or Bergamot oil. H. W. 


Rearrangement oi Acid Salts of Dibasic Acids in Aqueous 
Solutions into Normal (Neutral) Salts and Free Acids. U, 

Th. Sabaliisohka {ISer., 1919, bii, {b], 567 — 584. Compare A., 
1917, i, 699, 700). — Some further experiments of a more exact 
nature are described, demonstrating that acid salts of dibasic acids 
exist ill solution to a greater or less extent as a mixture of uornial 
salts and free acids. 


I. Diali/sis of Aqueous Solutiom . — The diffusiftes of solutions of 
sodium and potassium hydrogen sulphates contain quantities of 
free sulphuric acid which indicate that about 43% or 2S'3/b 
respectively of the acid salts have been transformed in solution 
into mixtures of free acid and normal salts. Similarly, the diffusste 
of potassium hydrogen camphorate contains an excess of the normal 
salt, the free acid being so slightly dissociated that it cannot diffuse 
so rapidly as its ion. 

II. CrystallkaUm.—h 32% solution of potassium hydrogen 
sulphate, left at 5 — 10° for a few days, deposits neutral crystals. 
A 50% solution of sodium hydrogen sulphate (salt to water, 1:1), 
left at 5 — 10°, gives crystals consisting of Na^SOj 91'754?o, 
NaHS 04 5-867%, HoO 2-38%. A solution of potassium hydrogen 
camphorate, made by dissolving 5 grams of the acid in 250 c.c. of 
O'lA'-potassium hydroxide and evaporating to 180 c.c., deposits 
pure camphoric acid on cooling. 

III. Precipitation with Alcohol. — A solution of sodium hydrogen 
sulphate (20 grams = 17'506 grams of NaHSO^, in 50 c.c.), mixed 
with alcohol until a turbidity just appears (200 c.c.), gives a pre- 
cipitate, during two days, of pure sodium sulphate, leaving only 
4-2% of the acid salt in solution. The alcohol may be recovered 
easily. (Compare the experiment with the potassium salt, lie- 
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Electrolytic Dissociation ol Sodium Iodide. Bror 
Hoi.ms™g (Sveiuk. Kern. Tidsir., 1918, pp. 6; from Chem. Zentr., 
1919) i) 911). — The author finds that tne law of mass action is 
strictly applicable to the ionic dissociation of sodium and potassium 
iodides at concentrations from IrV to O'OSiV. The method of ex- 
periment is baaed on the fact that the velocity ol racemisation of 
tiodoauccinic acid is dependent on the concentration of iodine ions 
ia the solution. H. -W. 

New Method for the Preparation of Ammonium Iodide. 

E, Rupp {Apoth. ZeiL, 1918, 33 , 406, 473; from Chem. Zentr. ^ 
1919, i, 19- Compare Brocksmit, A., 1918, ii, 16). — The following 
is the moat suitable method of preparing ammonium iodide from 
ammonia and iodine in the presence of hydrogen peroxide, 
Powdered iodine (II) parts) is shaken with official hydrogen peroxide 
solution (60 parts) and gradually treated with ammonia solution 
(30 parts), when the iodine passes into solution. If necessary, 
hydrogen peroxide is added drop by drop until further evolution 
of gas does not occur and the solution is pale yellow in colour. The 
filtered solution is warmed on the water-bath, when it becomes 
colourless; after evaporation, the salt is rubbed with a small 
qiiautity of ammoaia and dried. H. W. 

Ammonium Silicate. II. Ammonia and Silicoforinic 
Acid [Dioxodiaitoxane]. IIobebi Schwarz {Her., 1919, 52, [B], 
601—606. Compare A., 1917, ii, 31). — In the experiments on the 
solubility of silicic acid in ammonia solutions described previously, 
it was doubtful whether neutralisation or merely the production 
of a colloidal solution had occurred, ft is now shown that 
dioxodisiloxaue, made by leading trichloromouosilane vapour into 
water, reacts with ammonia solution just as it does with potassium 
or sodium hydroxide, that is, according to the equation SijHjOs-i- 
lNHp0H = 3(NH4)2SiO3 + 2Hi. l-HjO. The reaction is completed 
ill about twenty minutes, and most of the silica, with which speci- 
fiieiis of dioxodisiloxane are usually contaminated, remains as a 
precipitate. T- 

Influence of Difierent Ammonium Salts on the Precipita- 
tion of Magnesium Hydroxide. E. Brunner [Helv. Vhim. 
.-Icta, 1919, 2, 277— 279).— If the usual explanation of the influence 
cf ammonium chloride in preventing the precipitation of magnesium, 
tydro.xiiie is correct, namely, that the effect is due to the mass 
action of the ammonium ions provided by the salt, then a less com- 
pletely dissociated salt, like amiuoiuuiu sulphate, would have a 
weaker influence. Experiments are described which prove that the 
reverse is the case. Under ei|uivalenb conditions, ammonia solu- 
tion produces less precipitate from magnesium sulphate when 
ammonium sulphate is present than when the preventative is 
ammonium chloride, and a mixture of the two chlorides gives muA 
more precipitate than a mixture of the two sulphates. Even in 
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the absence of an ammonium saif, tbe sulphate fives hac . 
cipitete than the chloride. ^ ^ 

The explanation is to be found in the ^eater dissociation of ma» 
uesium chloride. The sulphate dissociates largely as followB° 
2MgS0i == Mgy + [Mg(S04)2]" (compare Bredig, A., 1894, ii, 226)' 
and therefore gives fewer magnesium ions than the chloride. Ihj 
addition of ammonium sulphate depresses the normal dissociation 
still .further, which explains the great stability of cerbolite 
^gS04,(NH4)2S04,6H20 (Jones and Caldwell, A., 1901, ii, 375) ’ 

J. C. W. 

The Nature of Subsidiary Valencies. XXIII. Thermal 
Degradation of the Amtnines of Zinc. Fritz Ephraim ( Ber . 
1919, 52, [A], 957 — 964. Compare this vol., 286, 287, 291).— Tbj 
expected analogy between the ammines of copper and zinc has led 
to a study of the latter in which only a slight parallelism is observed 
between the two series. The following ammines have been investi- 
gated, their temperature of decomposition being placed within 
brackets after each number; zinehexammine diloride (57’5“), 
tetra-amraine (92°), diammine (not below 200°); zinehexammine 
bromide (62°), tetra-ammine (143°), diammJh^!); zinehexammine 
iodide (65°), tetra-ammine (199°), diammine^( !) ; zinehexammine 
nitrate (31'5°), tetra-ammine (206°), triammine (?); zinehexammine 
formate (-4°), tetra-ammine (51’5°), Zn(HC02)2,2'5NH3 (63°), 
diammine (not below 100°) ; zinepentammine ♦xalate (18°), di- 
amniine (?); zinehexammine thiocyanate (0°), tetra-ammine (86°), 
the triammine possibly exists ; zincoctammine benzoate ( - 3'j, 
pentaminine (21°), triammine (56°), diammine (not below 100°); 
zinepentammine sulphate (19°), tetra-ammine (98'5°), triammine 
(185°), diammine (?). H. W. 

Cryoscopic Study of Couples. Cadmium Bromide— Alkali 
Bromide. E. Cornec and G, Ubbain (Bull. Soe. chim., 1919, [iv] 
25, 215 — ^218). — A study of the freezing-point cutves of aqueous 
solutions of cadmium bromide with the different alkali bromides 
and hydrogen bromide reveals the existence in solution of double 
salts of the type CdBr2,2MBr, where M may be hydrogen, 
potassium, sodium, or ammonium. W. G. 

Cryoscopic Study of Couples. Cadmium Chloride- 
Alkali Chloride. E. Cornec and C. Urbain (Bull. Soc. chivi., 
1919, [iv], 25, 218 — 222. Compare preceding abstract).— In tie 
case of cadmium chloride and alkali chlorides, a cryoscopic study 
reveals the existence in aqueous solutions of double salts of the type 
CdCl2,MCl, where M may be hydrogen, potassium, sodium, or 
ammonium. w. e. 

Lead Nitrato-Hypophosphate and Related Substances. 

Edmund von Hekz (Z. pc*. Schiess. u. Sprciiystoffu'., 1916i 
365—367, 388—389; from Uhem. Zentr., 1919, i, 271).— Attempts 
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plosives have generaUy resulted in failiir,. ^ of e^- 

(louble compound, i’biNO.L.Pbm.Pn l ™ explosive 

lead nitrate, as source of oxygen prepared when 

lead hypophosphite. Its rate of detonaili'^ 

of mercury fulminate and appL^ut “ 

azide. Its small energy contoL or tJ,/ “f 

of gas liberated by its decomposition fll? volume 
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great stability, and the high temperature of il^ ‘*® 
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H. W. 
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product was collected and treated generally in the way adopted by 
the author in his determinati(»is oi the atomic weights of uranium 
and thorium (A., 1916, ii, 484, 510). The sublimation of scandiim 
bromide does not take place below about 1000°, at which tempera- 
ture the substance has not melted. It is also found that after 
sublimation the quartz tube has been attacked to a slight extent 
by the bromide, according to the equation 4ScBr,4-3SiOj,^ 
3SiBra + 2Sc20j. The amount of the reaction is not great, and 
was determined by weighing the quartz tube before and after the 
experimenta. A correction based on this action was introduced 
into the final calculations. For the purpose of reducing the weigh- 
ings to vacuum standard, the specific gravity of scandium bromide 
was determined, and the value 3'910 — 3'913 obtained. Two speci- 
ments of scandium were used in the experiments : I, supplied by 
E, J. Meyer, and II, supplied by Sterba-Bohm. These specimens 
had been purified by different methods, and a spectroscopic ex- 
amination by Haschek indicated that they were both absolutely 
pure — so pure, in fact, that the very persistent ytterbium line 
X = 3694-37 was not present in the spectra. Specimen I gave a 
mean value for the atomic weight So=45’105 (eight expts.), and 
ipecimen II the value So=45'093 (ten expts.), the mean of the 
whole being 45'099±0'014, a value which is rounded to 46T0, and 
is one unit higher than the value 44’ 1, at present adopted by the 
International Atomic Weight Committee. J. F, S. 

Blue Copper Oxide. H. E. Schhsck (/. Physical Chem,, 1913, 
23 , 283—285). — A mixture of copper sulphate and aluminium con- 
taining approximately 5% of copper oxide was dissolved in water 
and precipitated with a slight excess of sodium hydroxide, filtered, 
thoroughly washed, and dried at 110°. The dried precipitate was 
very light blue in colour, aud on grinding to a very fine powder 
and heating first in a Bunsen flame and then in a blowpipe flame, 
the colour changed to a light greyish-blue with no signs of blacken- 
ing. A similar mixture containing twice as much copper oxide 
remained blue after heating in the Bunsen flame, but showed signs 
of blackening when heated in the blowpipe. The view is expressed 
that alumina stabilises the blue oxide of copper, and that the 
change from blue to black is duo to an agglomeration of the 
particles. Similar preliminary experiments were made with other 
oxides; these were in all cases made with 5% of the oxide to 95 s) 

' of alumina; manganous oxide is pink before heating and brown 
after heating; cobalt oxide is white with a blue tinge, but deep 
blue after heating, and nickel oxide is green before heating, but 
yellow after heating. 

The Nature of Subsidiary Valenfcies. XX. Ammines of 
. Cuprous and Lithium Salts. Fritz Ephraim (Per., 

[Bl 23&-241 . Compare A., 1918, ii, 313).-Thc author hoped to 
find simple rules governing tie formation of ammines by t e 
of univalent metals, but has met with quite conflicting con i 
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in the case o£ silver (shirf.), aurous, cuprous, thallous, and lithium 
compounds, as may be seen Itom the following sununaty of the 
properties of the haloids. Lithium salts yield tetrauunines, which 
increase in stability from chloride to iodide. The same order of 
stability, with smaller and smaller differences, is met with among 
the tri- and di-ammines, but ui the case of the monoammines the 
order is reversed, as it is with the silver haloid trianunines. 
Cuprous haloids form trianunines of almost identical stability, 
whilst aurous salts only give diammines. Thallous salts, owing no 
doubt to the great atomic volume of thallium, do not combine with 
ammonia. The lack of co-ordination with the generalisations made 
in earlier papers is obviously due to the fact that these were made 
on hexammines, which the salts of univalent metals do not form 
at all. 

The following list records the temperatures at which the vapour 
pressures of the ammines are 760 mm. Triammines are formed by 
cuprous chloride, 46-3°; bromide (pale green), 49'3°; and iodide 
(almost white), 50°. Diammines only are given by cuprous thio- 
cyanate and nitrate, whilst the cyanide only forms a monoammine. 
(The present results differ from Lloyd’s, A., 1908, ii, 847.) 
Tetraimnines are produced by lithium chloride, 12° ; bromide, 53-8° 
(Bonuefoi, A., 1900, ii, 478); iodide, 90-5°; nitrate, a syrup,, more 
stable than the chloride tetrammine; chlorate, a fairly mobile 
liquid; and perchlorate, a solid which decomposes and liquefies at 
the ordinary temperature. J. C. W. 

The Nature of Subaidiary Valencies. XXII. Thermal 
Degradation of Ammines ot Copper. Fritz Ephraim (Ber., 
1919, 52, [dj, 940 — 957. Compare Ephraim and Bolle, A., 1916, 
ii, 104).— The present communication deals mainly with the stability 
of the intermediate ammines of copper, and forms the first of a 
series of such investigations, the theoretical discussion of which is 
withheld pending the accumulation of more comprehensive data. 

The experiments were performed by saturating the requisite salt 
with ammonia at a low temperature in a bulb blown at the bottom 
of a small Y-tube; the temperature of the ammine was then gradu- 
ally raised and maintained constant at those points at which gas 
was noticeably evolved until evolution of gas practically ceased, 
the composition of the residue being deduced from the loss in 
weight. In general, three cases present themselves: (1) the 
ammine is stable up to a definite temperature, slightly above which 
ammonia is rapidly evolved, and the next lower ammine is formed ; 
(2) a continuous series of solid solutions exists between two well- 
defined ammines; (3) the ammine yields solid solutions initially, 
which are suddenly discontinued, and ammonia is rapidly evolved 
to the next lower stage, or, conversely, a sudden evolution of 
ainmouia is followed by the formation of solid solutions. 

Cupric chloride gives the following ammines : CuClg.BNHg, which 
decomposes below 270°; SCuCIj.lONHj, formed at 105° and stable 
to 124°, when it yields the dianunine; CuCl2,5NH3, which below 

11—2 
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10 o° forms solid solutions, wtich attain Uie composition CuClj, 6 NH 
at about - 15°. Cupric bromide yields CuBrj, 2 NH 3 , decomposinj 
at about 260°; 3 CuBr 2 , 10 NHj, decomposing at 165°; CuBr^ibNllj^ 
unstable above 116° and yielding solid solutions below this tempera- 
ture, which have the composition CuBr 2 , 6 NHj at about 0 °. Cupric 
iodide yields solid solutions of hexammine and peatammine, whict 
have the composition of the latter at 119'5°, when SCuI.lONHj is 
formed; the latter passes at 147° into the diammine. Copper 
sulphate gives a pentammine, which at about 99° is converted into 
the tetra-ammiue, which slowly loses ammonia at 141'3°, forminj 
the diammine. Copper nitrate gives a deep blue tetra-amruine, 
which is converted below 15° into a similarly coloured hexanuninc 
and decomposes above 205°, yielding indefinite products. Copper 
pentammine thiocyanate is converted into the tetra-ammine at 3“ 
which is stable to 101°, when gas is evolved and a series of solid 
solutions is formed up to 127°, at which the diammine is formed; 
decomposition occurs above this temperature. Copper tetra- 
ammine acetate is converted at about 80° into the diammine, whidj 
decomposes at about 175°. Copper pentammine oxalate is slowlj 
converted into the diammine at about 48° ; the latter is stable at 
170°, but is completely decomposed at a higher temperature 
Copper octammine benzoate is stable below - 3°, at which tempera- 
ture it is transformed into the faexammine ; the latter decompose! 
with rising temperature, yielding solid solutions, which at 78° have 
the composition of the tetra-ammine; at 180°, formation of tie 
diammine is complete, whilst at higher temperatures the material 
melts and decomposes. H. V/. 

Thallous Oxide. Alfred KOlliker (Chew. Zeit., 1919, 43, 
231). — In this preliminary communication, the author disputes the 
statement occurring in the literature of the subject that "the 
greyish-black coating of oxide produced when the metal is exposed 
to air does not penetrate far into the metal, the latter reappearing 
when the oxide is dissolved in water." Thallium was prepared ftcni 
thallium sulphate either electrolytically or by means of sine, and it 
was found that the whole of the metal was oxidised in a little 
time. The thallous oxide formed goes completely into solution, 
and any of the thallium salts can be precipitated therefrom by the 
usual preoipitants, a property which can be utilised for the separi- 
tion and purification of thallium salts. J. S. G. T 

Cerium Nitride. P. Fabaron {Ann. Chim. ami,, 1919, [ii], h 
1S6).— When metallic cerium is heated in a closed copper tube, tti 
oxygen of the air in the tube combines with the copper and tli 
nitrogen with the cerium. The cerium nitride, CeN, 2 , formed Im 
a greyish-black colour and is decomposed by water, yieldin! 
ammonia and cerous oxide. W. P. 8 

The Constitution of the Ferric Salts of Hypophosphorow 

Acid. B.. F. Weislasd and W. Hieber {Zeitsoh. anorg. 

1919, 106, 15 — 45). — In addition to the previously known nonnt 
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terrio hpophosphite haying the composition P 6 (H,P 0 ,), a number 
of new basic compounds have now been prepared, "it has also h«n 
found that ferric hypophosphite com4i with oae^trJ^r 
aci* to form complex compounds containing both acid radicles 
and many such compounds have been characterised and analyst’ 
On account of the stoicheiometnc relationships found between the 
different compounds, and of their singular properties, in particular 
of their remarkable stability, it has been concluded ^that the 

[Fe 3 (H 2 P 02 )j] , which is very stable in character and is capable 
of forming salts both with hypophosphorous acid and with other 
inorganic acids. In this respect, the ferric salts of hypophosphorous 
acid are very similar to those of a number of monocarboxylic acids 
previously described (A., 1916, i, 314). ^ 

The normal ferric hypophosphite (3':9) is considered to have the 
constitution [Pe 3 (H 2 P 0 .,)„](H,P 02 ) 3 . The 3:8 basic salt is pre- 
pared in a pure state by mixing solutions of ferric chloride and 
sodium hypophosphite within certain narrow limits of temperature 
and concentration. It forms a loose, slightly red powder and is 
given the constitution [Fe.,(H2P0,)„0Hl(H2P0j)„24H20. This 
salt was used for preparing many of the following hetero-acid com- 
pounds. Other basic salts isolated contain metal and acid in the 
ratios 6 : 15, 3 :7 and 3:6 resp^tively. The last salt is considered 
to contain a Mn^hypophosphite cation, and corresponds with the 
formula [Pe 3 (H 2 P 02 ).,( 0 H).,lH 2 P 0 ,. 

Th^s hetero-acid compounds were prepared in a number of ways 
by the action of acids on the 3:8 basic ferric hypophosphite or by 
the action of sodium hypophosphite or hypophosphorous acid on 
ferric salts. Six compounds with sulphuric acid are described 
formed by the action of the acid on the 3:8 basic salt under vary- 
ing conditions. These are all either acid or neutral compounds, 
the three simplest having- the formulae 

rFe,(H;,PO,)„l(H,PO.,)SO,.4H,0, 

[Fe 3 (H 2 POj),] (H 2 PO .),.1S0,.4F,0. 'and 

rFe,(H„P02)„l('S0jH).,„7:H:,0. 

For a full description of the others and of the methods of pre- 
paration of all the compounds, the oripnal must he consulted. A 
nitrate is described, and also an explosive perchlorate, of the 
formula rFe,rH,,P0,),l(C10,)-(H,P0„) - 1 - AH.PO,, + I 8 F 2 O. The 
r lorides and bromides appear to contain complex anions contain- 
ing iron. Of these, the most interestin? is the comnound 

, rFe,(H.PO,).l[FefH.-PO,)ri,l,H,PO.,12H.O, 

which is readily obtained crystalline in the form of truncated octa- 
nedra of fair size by the action of concentrated hydrochloric acid 
on the 3 ;8 basic salt. 

The compounds are all sparingly soluble in water, bv which many 
hem are slowly hydrolysed, with formation of the 3:6 basic 

'’'■ids. and there is 

endency for the ferric iron to be reduced by the hypophos- 
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phoroUB acid — a further proof that a complex cation ia present 
Alkalia, alkali carbonatea, and ammopium sulphide decompose them 
with formation of ferric hydroxide. Their water of crystallisation 
is very loosely held] and is often lost on exposure to air, 

E. H. U, 

Crystalline Substances with Colloidal Properties. Basic 
Zirconium Sulphates and the Molecular State of Zirconium 
Sulphate in Aqpieous Solution. 0 . Haoser and H. Herzpkid 
(Zeitich. anorg. Chem., 1919 , 106, 1 — 8). — In aqueous solution, 
zirconium sulphate is generally supposed to he hydrolysed, with 
formation of zirconyl sulphates containing the complex anions 
Zr0(S04)2" and 20^03(304)/. This xiew was supported hy the 
existence of a potassium zirconyl sulphate supposed to have the 
composition Zr.203(S04)2Kj. It is now shown, however, that this 
formula does not correctly represent the composition of the 
notassium salt. In reality, the basic compounds formed by the 
hvdrolysis of zirconium sulphate in aqueous solution are much more 
complex than has been supposed, and three such basic sulphites 
have now been isolated in crystalline form. Although these com- 
pounds are definitelv crystalline, yet in solution their properties 
are essentially colloidal. 

( 1 ) The compound {Zr4(SO4^3(OH)„i}10H2O appears to exist in 
two forms, One of these has been previously described (A., 190 , I 
ii, 531 ). The other is prepared by dissolving zirconium sulphate 
tetrahydrate in cold water and keeping the 2 % solution for sevsral 
days, when the salt is deposited in the form of needles differing 
only from the crystals of the first form in their optical properties. 
The first form is not decomposed by boiling water, whilst the second 
loses part of its sulphuric acid. 

( 2 ) The more basic salt, {Zr8(S04).,,(0H)_,.18H;0, is prepared by 
dissolving anhydrous zirconium sulphate in five times its weight of 
water and precipitating with alcohol. The precipitate is then dis- 
solved in a little warm water and dialysed, and in the course of a 
few days the basic salt separates in the form of very characteristir 
spherical crystals which do not lose their shape when dehydrated, 

( 3 ) The salt, {Zr,(S04V,(OH)s}H4,4H20. has been previonsly 
described (A., 1907 , ii, 62 G), being there given the formula 

2Zr02,3S03,5H20. 

The new formula takes account of its acid properties and explains 
its ready conversion into either of the salts ( 1 ) and ( 2 ). It pa ? 
with its water very reluctantly, only four molecules being lost 
at 225 ®. 

A potassium zirconyl sulphate of definite composition has fiesn 
prepared by adding, drop bv drop, a saturated solution 
snlpbate to a strong solution of zirconium sulphate tetra y r® 
acidified with sulphuric acid. It has the formula 

{Zr4(S04)3(01I)8lKj. 

The corresponding zirconyl sulphuric acid could not be ^ ^ 
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Zirconitun Alkali Snlphates. Artbcr Rossrreim and Jacob 
ptNSKBB (Zeitsch. anorg. Chem., 1919, 106, 9 — 14). — ^Hauser and 
HerzWd have rfiown (preceding abstract) that the crystalline basic 
jjrconinm sulphates are semi-colloidal in character, and that their 
composition is influenced to an unnsnal degree by the temperature 
and concentration of the solution in which they are formed. It 
bas now been found that the composition of the double salts formed 
, ^ifconium sulphate with sulphates of the alkali metals similarly 
depends on concentration and other conditions. Two such com- 
nounds with ammonium sulphate have been prepared, and are now 
described. When to a solution of 10 grams of anhydrous nirconium 
sulphate in 20 c.c. of water is add^ a solution of 14 grams of 
ammonium sulphate in 25 c.c. of water and the mixture is allowed 
to evaporate over sulphuric acid, a donhle salt separates as a crystal- 
line crust This salt has the composition 

r(NH,)4{Zr,(0H).fS0,)cl],4H,0, 

and is evidentlv the ammonium salt of the zirconvl sulphuric acid 
described bv Hauser (preceding abstract [3]) Siibsenuenlly, from 
the same solution separates a second salt, less basic than the 
first, and having the composition (lIH,)|(Zr(S0j),_15Tl20. 
This second salt is apparentlv only deposited when the acidity of 
the solution has been sufficiently inereased by the separation of 
the first more basic salt. The second salt dissolves readilv in boil- 
ing water, and, on cooling, the solution deposits crystals of the 
first salt. 

The double potassium zirconium sulphate, K4Zr(S0,),,3H,0, pre- 
pared by misting strong solutions of zirconium sulphate and potass- 
ium hydrogen sulphate (Rosenheim and Trank, A., 1905, ii, 25SV is 
now found to have a very variable content of water of ('rystallisa- 
tion. When normal potassium sulphate is used, a more basic salt , 
is obtained having the compoeition K4(Zr4(0H)#(S0j)5)8H»0. As 
in the case of the ammonium salts, the product separating from a 
weakly acid solution is more basic than that from a strongly acid 
solntiou. The normal double sulphate, K,(ZrfSO,),} aq.. is readily 
hvdrolysed by wafer at 30'’. with formation of complex basic salts, 
hut no product of definite composition could be isolated. On 
aenrant of their great solubility, basic sodium zirconium sulphates 
could not be isolated. ^ ... 

All the double salts described have, like the basic zirconium 
sulphates, colloidal properties. From their heated aqueous solu- 
tions. gels are precipitated bv electrolytes and bv dilute acids. 
These gels probably consist of colloidal zirconium hydroxide, and 
only dissolve slowly in excess of strong acid. T. H. B. 

The Nature of Subsidiary Valencies. XXI. Gold 
Compounds. Amtnines of Double Salts. Thermal 
Decomposition of Double Haloids. Fritz Ephraim (Her., 1919, 
52, [fl], 241— 254).— The dark brown auric bromide, AuBr,, which 
is obtained by dissolving precipitated gold in bromine, becomes 
brownish-yellow in an atmosphere of ammonia, and absorbs about 
9 molecules of the gas at the ordinary temperature and about 
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23 molecules in a freejing mixture. Csesium auribroraide resembles 
auric bromide very closely in its behaviour towards ammonia, and 
the pale yellow potassium aurichloride also forma at —18° a dark 
orange-red compound with about I 2 NH 5 , which effervesces in water 
with the evolution of free nitrogen. 

Auric bromide has the dissociation temperature, in an atnw. 
sphere of bromine, 181°, the product being auroua bromide, which 
is yellow at the temperature of boiling naphtbalepe, but becomec 
darker when removed from the bath. It forms a dianmiine 
(Meyer, A., 1906, ii, 664). The vapour pressure of auric chloride 
reaches 760 mm. at 256‘.6°, but if the salt is left under about 
100 mm. pressure at 225° until it acquires a pale yellow colour 
that is, until it is changed into aurous chloride, and is then heated 
further in the atmosphere of chlorine, atmospheric pressure is again 
reached at 289'5°. That is to say, aurous chloride is only stable 
in an atmospbere of chlorine over a range of 33°, Aurous chloride 
diammine has the dissociation temperature 113’5°. 

Potassium aurichloride melts at the temperature of boiling 
mercury, but Ksium aurichloride has a slightly higher m. p. At 
44t)°, however, both salts have vapour pressures of about 350 mm. 

The fact that auriohlorides and auribromides of the alkali metals 
behave towards ammonia exactly like the auric salts suggests that 
they are dissociated by ammonia into the component haloids. The 
question is therefore raised whether any double salts do, as such, 
form ammines, their tendency in this direction being in great 
contrast to their affinity for water. J. C. W. 

The Attach of Platinom and Gold hy the Alkali 
Hydroxides. L. QuemrEsaxu {Bull. Soc. chim.. 1919, [iv], 25, 
237 — 240). — A discussion of the results of Nicolardot and Chatelot 
(compare this vol., ii, 161), and of results published in Bull. Udnu 
guerre, 1918. No. 17, 134, from which the author concludes that 
pure platinum shows the highest resistance to acid re.igents, and 
that, whilst certain allovs of gold and palladium show a high resist- 
ance to the action of alkali hydroxides, silver vessels are the more 
convenient for laboratory purposes. W. G. 

A New Method of Preparation of certain complex 
Compounds of Platinum and of its Analogues. L. Tschugabv 
(Bull. .‘(nr. chim., 1919, fivl, 25, 234 — 237). — Potassium platino- 
nitrite reacts with ammonia in the cold to give cfe-dinitrodiammino- 
platinum (compare Tschugaev and Kiltinovlc, T., 1916, 109, 12861. 
The similar ioAo-compmind, Pt, 2 NH 3 ,l 2 , may be obtained by boil- 
ing potassium platinoiodide in aqueous solution with ammonu. 
If the ammonia is replaced by methylamine, di-iodadiuiethflunu^o- 
jHatinum, PtI. 2 , 2 NH„Me, is obtained. 

The same method may be used for preparing certain complex 
compounds of rhodium. Thus, if rhodium iodide is wanned m 
aqueous solution with an excess of ammonia, the ^ confoum, 
Rhlj.SNHj, reddish-brown, microscopic prisms, is obtained. 
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Recovery ol Plettamn and Alcohol from Potaaaiiun 
Eetimatlone. A. E. Smoll (/. Ind. Eng. Chm., 1919, 11, 
466 — 467).— The alcoholic filtrates and washings are distilled until 
all alcohol has been removed; platinum black and water remain 
in the distillation flask. The distillate is then heated under a 
reflux apparatus through which a current of warm water is passed 
so that the temperature of the escaping water is 58°. The top of 
tke reflux apparatus is connected with a condenser, and the heat- 
ing is continued until all aldehyde has been expelled, as is ascer- 
tained by testing drops of the distillate. The alcohol is finally 
fractionated from a small quantity of sodium hydroxide. ["See, 
further, /. Soc. Chem. InA., 1919, 444a.] W. P. S. 

SolubUtty of Hydrogen In Palladium Mixed Crystals. 

G, TammanN {Tiachr. Get. Wm. Gnttingen, 1918, 72 — 78; from 
Ghem. Zentr., 1919, i, 338). — A definite limit for the solubility of 
hydrogen in palladium, analogous to the limits of action of other 
agents on mixed crystals of gold with silver or copper (A., 1918, 
ii, 445 , 447), is shown to exist at that region of temperature jn 
which a change of position of the two types of atom in the 
palladium mixed crystal is no longer perceptible. The limit lies 
at 1 mol. Pd. Taking into account the atomic structure of the 
palladium mixed crystal, it appears, therefore, that the hydrogen 
atom can only enter and continue to oscillate at lattice axes which 
are parallel to the diagonals of the cube which are mainly occupied 
liy palladium atoms. H. W, 


Uineralogical Chemistry. 


A Chemical Investigation of Banded Bituminous Coal. 
Studies in the Composition of Coal. Fbedeeick Vincbnt 
TiDEswEti, and Richard Vernon Wheeler (T., 1919, 115, 
619-636). 

"Blue John” and other Forms of Fluorite. Bshtbam 

Blount and James Harry Seoueiua (T., 1919, 115, 705 — 709). 

Chubutite, a New Lead Mineral. Hercules Corti (Anal. 
Soc. Quim. Argentina, 1918, 6 , 65 — 72). — ^The mineral to which 
the name chubutite is given occurs in the Gobemacion del Chubut 
(Argentine) in radiat^ masses of obscure, crystalline structure. 
P 7 95, hardness 2-5, of a yellow colour and easily reduced to 
powder. Analysis gave: 

Al,0,. FcjOj, PbO. PbCl,. SbjO, AsjOj. Insol. Total. 

013 01 9 83-30 14-83 0-69 trace 0.7S 9989 

Ihis leads to the the formula 7 PbO,PbCi 2 , The crystalline struc- 
ture appears to he tetragonal. W. S. M. 
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A Titanlferons Mineral from the Sierra del Fie de Pgig 
San Joan (Argentine). 'LoctAno R. Catai.aso {Anal. Soe. Quir^^ 
Argentina^ 1918, 6, 35 — 48 and 83 — ^93). — A detailed atjcount of 
the chemical analysis of the mineral in question. The formula 
FeTiOj.MnTiOo is established. The mineral corresponds in com- 
position with kibdelophane, a variety of ilmenite. W. 8. M. 


Analytical Ghenistry. 


Colorimetric Determination of the HydrogeB-Ien 
Concentration in Small Quantities of Solution, A. R. c, 

Haas (J. Bid. Chem., 1919, 38, 49 — 55), — The preparation of 
indicator papers which may be used for the rapid estimation of 
hydrogeft-ion concentration is described. The method yields 
accurate results, and is of considerable value when it is impossiblt 
to carry out the electrometric method. J, C, p. 

Accuracy oi Different Methpds of Measuring Small 
Volumes oi Fluid. Freberick Wilitam Anbrewes (Biochem. J,, 
1919, 13, 37 — 44).— A study of the inaccuracies attendant on the 
methods employed for measurement of small volumes and dilutiom, 
such as are used in serological investigations, ,T, C. T. 

Preparation of Stable Starch and Oxalic Acid Solutions 
by means of Metallic Mercury. A, Junk {Glum. Zeit., 1919, 
43. 258). — ^The solution is treated with a few c.c, of mercury, 
boiled, and shaken, so that the mercury is finely subdivided; the 
mercury is allowed to remain in the bottle containing the solution. 
Such treatment prevents the growth of moulds, etc., in the solutions, 
and the latter may be kept for years without altering in strenytli, 
even when the bottle is opened frequently, W. P. S. 

Identification of Iodine in Blood by a Microcrystal 
lographic Method. Ulrich Uintzelmans (Zeitsch. physipi. 
Chem., 1919, 104, 211 — 216). — ^The method proposed by Karfunkel 
{Dent, med. Woch., 1912, 643), which depends on the isolation of 
crystals of iodohsematin, is untrustworthy for ordinary use. ^ 

Modification in the Technique of Fischer’s Reaction for 
Hydrogen Sulphide. Luciano P. J. Pai.et and Am.iscio 
Fernandez {Anal. Soc. Qulm. Argentina, 1918, 6, 49 — 51 ).— On 
account of the inconvenience in preparing and keeping p-amino- 
dimethylaniline sulphate, the following procedure is substitu c ■ 
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To » drop oi diintthylaniline are added 3 c.e, of water, three to 
four drops of a 1% solution of sodium nitrite, and five drops of 
10% hydrochloric acid. The liquid is neutralised with saturated 
sodium carbonate solution, and the nitroso-base extracted with 
ether. To the ethereal solution, zinc powder and a few drops of 
concentrated hydrochloric acid are added. When the reduction is 
complete, the ether layer is decanted off, 3 c.c. of water and the 
solution to be tested are added, then concentrated hydrochloric 
acid, and a few drops of 10% ferric chloride solution. The addi- 
tion of a little alcohol renders the appearance of the resulting 
methylene-blue more distinct. It is necessary that hydrochloric 
acid he present in great excess. W. S. M. 

Estimation of Snlphnidc Acid and Snlphatea, G. MsiliIr* 
(/. Pharm. Chim., 1919, fvii], 19 , 296 — -297). — In the estimation 
of sulphates hy precipitation as barium sulphate, the precipitate 
should he collected while the solution is still hot and washed with 
hot dilute acetic acid solution. In the ease of aiilphnrio acid, this 
may he neutralised with barium hydroxide solution, using phenrtl- 
phthalein as indicator, and a very slight excess of the barium hydr- 
otide then added; the mi-xture is acidified with acetic acid, hept 
at 100“ for two hours, and the precipitated Ijarium sulphate then 
collected. [See, further, ,7. Pof. f!hem. 1919, .Tuly.l 

W. P. S. 

Method for the Volumetric Estimation of Sulphates. 

A. C, D. Rtvett (Ohem. Nfm. 1919, 118, 2.53— 254),— The 
method is intended primarily for works purposes, and depends on 
double decomposition between moist, precipitated barium oxalate 
and certain dissolved sulphates, whereby soluble oxalates are pro- 
duced which may be titrated with potassium permanganate, [For 
details, see ,7. !foc. fhem. Tnd., 1919, 481a,1 W. E, F. P. 

Continuona Process for the Estimation of Nitrogen by 
Dumas's Method. Lnnwio Dexheimkr (Zeitscfi. anal. Ckem., 
1919, 58, 13 — 19), — To avoid the necessity of cooling the combus- 
tion tube after the completion of one estimation and before another 
can be started, a procedure is described for removing and inserting 
successive boats while the tube is still hot. The essential feature 
consists of means for passing the current of carbon dioxide in a 
reverse direction through the tube while the latter is opened at 
one end. Provision is also made for oxidising the reduced copper 
when necessary. W. P. S. 

The Estimation of Total Nitrogen in Soils containing 
Rather Large Amounts of Nitrates. R. S. Shydeb (Soil Sci., 
1918 , 6, 487 — 490).— If the organic matter of the soil is within 
the usual average (O'S— 3-0%), the Hibbard or the "mercury” 
methods of carrying out the Kjeldahl digestion give quite accurate 
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results for total nitrogen, even if 10% of tie nitrogen is present 
as nitrate. Methods for total nitrogen, modified to include nitrate 
nitrogen, such as TJlsch’s method, must, however, he used if the 
organic carbon content of the soil is lower than 0'5%. IV. G 

Estimation of Nitrite and Nitrate Nitrogen in the 
Presence of other Nitrogen Componnds. Th. Ppbifpje 

W. SiMHERHACHER (Lanttw. Venuchsstat., 1919, 93, 65-76),^ 
For the estimation of the various forms of nitrogen in such sub- 
stances as soil extracts, the total nitrogen other than nitric nitrogen 
is estimated by K-jeldahl’s method, using 5 grams of ferrous 
sulphate. Ammonia nitrogen is estimated by distillation with 
magnesium oxide; after the ammonia has been removed, the resi- 
dual solution is treated with 12 grams of magnesium chloride and 
3 grams of finely divided conper-magnesinm alloy (compare A, 
1917, ii, 504), and again distilled to obtain the ammonia derived 
from the nitrites and nitrates. To estimate the nitrate nitrogen. 
75 c.c, of the extract are boiled for one hour with the addition of 
1‘5 grams of dextrose, 0'3 gram of ferrous sulphate, and 5 grams 
of sodium carbonate; ammonia and nitrite nitrogen are thus ex- 
pelled, and the solution is then distilled with copper-magnesium 
alloy as described. [See, further, .7. .W. Chem. Ind., 1919, Julv] 

■w. P. s', 

Scrobber lor Ammonia Distillations. B. S. Davibsos 
(J. Ind. Eng. Chem.., 1919, 11, 465 — 466). — The scrubber or still- 
head described consists of a bulb of about 200 c.e. capacity pro- 
vided with an exit tube at the top, through which the steam, etc,, 
passes to the condenser, and a lower tube or stem for connecting 
the bulb to the distillation flash. This lower tube extends into 
the bulb, and is then bent downwards to nearly the wall of the 
bulb; the tube ends in a small bnlb having three openinps in the 
same horizontal plane. The first portion of steam which enters 
the hulb condenses, and the water flows down about the small 
bulb, there acting as a scrubbing solution for the remainder of the 
vapours. W. P. S. 

Albuminoid Ammonia Test. Eveltn Ashlky Cooper and 
Joseph Alan Hewakd (Biochem. J., 1919. 13, 25—37),— 
Potassium permanganate may contain a stable nitrogenous impurit? 
which cannot, as a rule, be removed by prolonged boiling with 
alliali. This imnurity yields ammonia, particularly when the 
perman,ganat6-alkali mixture is boiled in the dilute condition, and 
the error involved raav be so great as to vitiate the value of the 
albuminoid ammonia test altogether. [See. further, J. dor. Cilrm. 
Ind... 1919, 438a.] J- C. T). 

Identification of Arsenious Acid. Reply to Tunniann. 

E. Wasicky and A. Mayrhoper {Pham. Post., WIS- 
409—410; from Chem,. Zentr., 1919, ii. 324V— The authors do not 
agree with Tunmann’s observations (A., 1918, ii, 453) on >w 
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extension of microciieiaical methods to the detection of arsenio in 
pharmaceutical preparations, and, further, point out that the 
destruction of organic matter by concentrated sulphuric acid on 
the object-glass does not suffice tor the detection of arsenic in all 
possible forms of combination. H. W. 

Estimation of Boric Acid. Pann Jannasch and I'eikdbioh 
Nott (/■ pf. b'Aem., 1919, [iij, ,99, 1. — 33). — Alcoholic sodium 
ethoxide solution is recommended for the titration of boric acid 
solutions in the presence of glycerol; the interfering action of 
carbon dioxide is thus eliminated, i'or the estimation of boric 
acid in minerals, the sample is fused with sodium phosphate and 
inetaphosphoric acid, the boric acid distilled in the presence of 
methyl alcohol and phosphoric acid, and titrated after the methyl 
alcohol has been expelled from the filtrate. [See, further, ] . Soc. 
Ghem. Ind., 1919, 411a.] W. P. S. 

Estimation of Free Carbon Dioxide in Water. Haktwio 
Rldi {Ber. detit. pharrn, Ges., 1919, 29, 344 — 359). — Directions 
are given for the estimation of free carbon dioxide in water at the 
source of the latter. The titration is made with sodium carbonate 
solution, phenolphthalein is used as the indicator, and potassium 
sodium tartrate is added to the water to prevent interference by 
ferrous salts. W. P. S. 

Estimation of Free Carbon Dioxide in Water. Rudolf 

CzBSSN.s (Zeitsch. ami. Ghem., 1919, 68, 1 — 13). — To ensure that 
the correct quantity of indicator is preseut, a combined solution 
containing 2-6525 grams of sodium carbonate and 2-5 grams of 
phenolphthalein is used for the titration of the free carbon dioxide. 
One hundred o.c. of the water are titrated with this solution; the 
number of c.c. used, less 0*52 c.c., is multiplied by 1‘22 to obtain 
tie mg. of free carbon dioxide per 100 c.c. of water. W. P. S. 

Micro-elementary Analysis. Ernst Holler and Hkhtha 
WiLLENBEHG {J . pr. Chem., 1919, [ii], 99, 34 — 44),— A suitable 
apparatus is described for the determination of carbon and 
hydrogen in small quantities (2 to 5 mg.) of substance. The 
apparatus is constructed entirely of glass, rubber connexions are 
not used, a single burner is used for heating the combustion tube, 
and the oxygen is prepared from potassium dichromate and Caro’s 

Efficiency of Potash Absorption Apparatus and 
Comparative Trials with a New Form of Helical Apparatus. 

d, Friedrichs {Zeitsch. anyew. Chera.^ 1919, 32, 129 — 132). A 
Law form of potash absorption apparatus for combustion analysis 
is described consisting of two cylindrical vessels of light glass fused 
one inside the other. The gas enters at the top- of the inner vessel 
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and passes through a hole at the bottom into the auuular 
betweeu the two vessels. A spiral is moulded on the outer wall oi 
the inner vessel so that its apex leaves only a small clearance in 
the annular apace, and the bubbles of gas emerging from the inner 
vessel are compelled to follow the spiral path in their passage up 
to the exit, whilst at the same time the displaced liquid is free to 
circulate through the narrow clearance between the helix and the 
outer vessel. At the top an exit orifice is provided, on which is 
fitted, with a ground-in joint, a bent calcium chloride tube. The 
whole apparatus, when filled, weighs only about 38 grams and con- 
tains 10 c.c. of potash solution. It is compact and not liable to 
breakage, the whole surface can easily be wiped clean, and if the 
liquid is sucked back there is ample room in the capacious inner 
vessel to prevent loss. The path travelled by the bubbles of gag 
is about 25 cm. long, and yet the resistance pressure of the liquid 
is equivalent to only 5 cm. The efficiency of this apparatus has 
been tested comparatively with a number of well-known types of 
other absorption apparatus with difierent speeds and quantities of 
carbon dioxide in air, and the results were most favourable. 

J. F. B. 

Studies o{ Acidosis. XIII. A Method for Titrating the 
Bicarboiiate Content oi the Plasma. Donald D. van Suks, 
Eduab Stillman, and Glenn E. Cullen (/. Biol. Chem., 19)9, 
38, 167 — 178). — Blood is drawn with precautions against lessor 
accumulation of carbon dioxide. Two c.c. of the plasma art 
measured into a round-bottomed flask of 150 to 200 c.c. capacity, 
and 5 c.c. of 0-02.V-hydrocbloric acid are added. Carbon diosidt 
is removed by vigorous shaking, and titration is carried out ivitk 
0 02A-carbouate-free sodium hydroxide, using neutral-red or 
plienolsulplibnephthalein as indicator until the colour of llie solu- 
tion matches one of known hydrogen-ion concentration. Tke 
results agree well with those given by the carbon dioxide capacity 
method over a range of bicarbonate concentrations (0’03— O'Oll'i 
ordinarily encountered in man, even in severe acidosis. 

J. C. D, 

Microchemical Distinction of Sericite and Talc. 0. Hacii 

(V crh. 0 gol. Ueichamt. IFicn, 1918, Ij from Chem. Zentr., 1919 , 
ii, 225 — -226).— The macrochemical distinction of sericite from talc 
is tedious, since the former frequently contains magnesium and the 
latter aluminium. The following microchemical method is pro- 
posed. A small quantity of the finely powdered specimen is boilw 
with concentrated hydrochloric acid in a small platinum spoon, tie 
precipitate is allowed to subside, and the supernatant hqnid le 
drawn oS with a small pipette apd evaporated in a platiMm 
to remove the bulk of the acid, which cannot bo neutralised, an® 
the process involves the introduction of too large quantities o ^ 
into the solution, whereby further concentration is hind^oo. 
residue is warmed with a small quantity of water containing s 
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o[ hydrochlorio acid; tha uodiasolved jaattar ia allowed to separate, 
and tte dear liquid withdrawn with a capillary pipette. A drop 
of this solution ia tested for potassium with freshly prepared platinio 
chloride solution, preferably using a cover-glass of quarta; a second 
drop is tested for aluminium by addition of csesium chloride in the 
presence of sodium sulphate, which renders possible the formation 
of the alum. Magnesium is detected by the usual method in a 
third drop after precipitation of any considerable amount of 
aluminium by addition of ammonia; the precipitate need not be 
removed. H. W. 

Estimatioa of Mercury r ' Mercury Salicylate, A. 

OSTANIINO {Giorn. Farm. Vhim., 1918, 67, 7 — 12; from Ghem. 
intr., 1919, ii, d — h). — Mercury salicylate (0-25 gram) is warmed 
r a porcelain dish on the water-bath for about six minutes with 
mceutrated sulphuric acid (2 c.c.). The solution is diluted with 
ater to 160 c.c. and electrolysed in a platinum dish during four- 
jen minutes, a rotating platinum anode and a current of 6 amperes 
1 5 volts being used; without interrupting the current, the deposit 
i washed successively with water, alcohol, and ether, and dri^ in 
desiccator. A mercury cathode may be used in place of a 
ilatinum dish, in which case the volume of the solution should not 
le more than 30 c.c., and the current 3 amperes at 7—10 volts, 
'he process is more advantageous than those previously described 
md more convenient than those of tho United States Pharma- 
opceia, 1916. H. W. 

The Conductivity as Indicator in Titrations with 
Potassium Permanganate. Vicemtb VittuMBBALEs (Anal. Fit. 
Jitim., 1919, 17, 100— 114).— In the titration of ferrous salts 
means of permanganate solution, free acid is consumed 
recording to the equation 2KMu04 + 10]feSO4 + SHjSOj = 
)re2(S04)s+K2S04 + MnS04-H8HjO. Ordinarily, acid is added in 
;reat excess to dissolve the colloidal manganese oxide formed, and 
the conductivity of the mixture during the titration remains prac- 
tically constant. In presence of insuflacient acid, the conductivity 
falls with the addition of the permanganate solution until the 
oxidation is complete, and thereafter remains constant, the end- 
point being indicated by a sharp angle in the curve. In the 
oxidation of manganous salts in neutral solution by means of per- 
manganate, acid is formed: 3MuS04-h2KMn04+2H20=5Mn0g-t- 
KjS 04+2H2804. In this case, the conductivity increases dunng 
the titration, and becomes constant on completion of the oxidation. 

W. S. M. 

Use of Colloidal Silica in Iron Titrations. E. DiTrngB 
Ckem. Zeit., 1919, 43, 262).— The author condrms the statement 
'‘J Schwarz and Rolfee (this vol., ii, 170) that colloidal silica, jn 
he presence of manganous salts, prevents the oxidation of hydrogen 
hloride. fSee, further, /. ,7oc. Ghem. Ind., 1919, July.] 

'■ W. P. S. 
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lodometric Estimation of Chromic Acid. 1. M. Kolthopf 
and E. H. Vogelenzamg Wtekblad, 1919, 6U, 514 — 5^4) 

— In tne presence of sufficient acid (at least 90 c.c. 4iy-lijdroclilonc 
acid in luu c.c. oi solution), tne nurture may be titrated immecii. 
ateiy after tfie addition of the reagents, even in the case of dilute 
chromate solutions. If insufficient acid is present, too much thio- 
sulphate is consumed, owing to the occurrence of a side-reaction, the 
nature of which is not oiearly ascertained, although it is shown 
that a possible oiudatiau ot the hydriodic acid formed by air h 
not involved. The side-reaction is accelerated by sunlight, especi- 
ally in presence of ammonium molybdate. Ammonium molybdate 
on the other hand, retards the reaction between chromic acid and 
hydriodic acid. In strongly acid solutions, ferrous salts have a 
negative catalytic effect t in very weakly acid solutions, the effect 
is positive. W. S. 11. 

Analysis oi Zirconium Minerals and Alloys, A. TaAvrai 
{Uhim. et Ind,, 1919, 2, 385 — 392). — The mineral is fused with 
sodium peroxide, cooled, and extracted with water; zirconium 
oxide, titanium oxide, ferric oxide, manganese oxide, rare earths, 
and a portion of the silica remain insoluble, whilst silica 
(remainder), aluminium, and phosphoric acid pass into solution, 
The insoluble portion is dissolved in hydrochloric acid and treated, 
after neutralisation, with sodium thiosulphate; the precipitate is 
collected, ignited, and weighed, and allowance made for the 
amount of silica and titanium oxide contained in it. The foimer 
is estimated by treatment with hydrofluoric Acid and the latter 
colorimetrically after fusion with potassium hydrogen sulphate. 
The iron is estimated by titration with titanium trichloride solu- 
tion, manganese by the persulphate method, and rare earths by 
precipitation with oxalic acid. Aluminium may be estimated in 
zirconium-iron alloys by precipitating the zirconium and alununium 
together by treatment with sodium thiosulphate after the greater 
part of the iron has been removed by extraction with ether, and 
then separating the aluminium by fusion with an alkali. [See, 
further, J. Soc. Ohenr. Ind., 1919, 421a.] W. P. S. 

Electro-analysis of Gold without Platinum Electrodes. 

J. Guzhan (irrof. /■«. Quim., 1919, 17, 115 — 120).— Preliminary 
analyses were carried out with an irrm anode and a cathode of 
platinum gauze. The electrolyte was prepared by dissolving about 
O’l gram of gold in aqua regia, adding 3 grama of sodium hydros « 
in- 20 c.c. of water, and then 10 c.c. of freshly pepared k 
potassium cyanide solution. The electrolysis was carried out wi 
the temperature rising to 60°, with rapid agitation of the elec » 
lyte. Voltage, 1'9. The results obtained were excelle^ ^ 
slight cueintegration of the iron anode observed in this pro ” 
was avoided by evaporation of the solution of the 8 ^ lu 
regia to remove the nitric acid. The gold was removed r ^ 
cathode by electrolysis in hydrochloric acid. Analyses 
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with 5 c.c. of 01% methyleue-blue solution and ten to twenty drops 
of potassium hydroxide solution, and the mixture is boiled; if sugar 
is present in the urine, the blue colour fades, the rate at which it 
disappears depending on the amount of sugar. Other reducing 
substances in the urine do not interfere with the test. 

W. P. S, 

Estimation of Blood Sugar by the Modified Picric Acid 
Method. STAKOBif B. BauKDior (J. Biol, Ohem,, 1919, 37, 
503 — 504). — It is pointed out that the final acidity of the sodium 
piorate-picric acid solution used for remdval of the blood protein* 
should be about 0'05 — 0-04ilf. If this is not ensured, the reagent 
may fail to precipitate' the proteins satisfactorily (compare Rohde 
aud Sweeney, this vol,, ii, 84). J. C. D. 

Estimation of Reducing Sugars Volumetrically by 
Schindler's Modification oi Bertrand's Method. Beitwgbb 
(Bull. Anoc. Chim. Suer., 1918, 36, 111 — 113). — Bertrand’s volu- 
metric method of determining reducing sugars (A., 1907, ii, 136), 
in which the precipitated cuprous oxide is dissolved in ferric 
sulphate solution and the liquid titrated with permanganate, has 
been rendered more rapid by using the same flask throughout and 
by replacing the filter-tube by a Gooch crucible. Reduction is 
effected in a conical flask, and the cuprous oxide washed quickly 
by decantation through a Gooch crucible provided with an asbestos 
pad, taking care to carry over as little of the precipitate as possible. 
Ferric sulphate solution of known litre is added to the precipitate 
remaining in the reduction flask, which is immediately connected 
by means of a rubber stopper aud funnel with the Gooch crucible, 
aud also with a tube leading to a filter-pump. A further known 
volume of the ferric sulphate solution is added to the Gooch 
crucible to dissolve the cuprous oxide remaining on the asbestos 
pad, aud the liquid is drawn into the flask. After washing with 
warm water, the solution in the reduction flask is titrated with 
permanganate. J- 

BehaTiotir of Inulin in the Animal Body. Application o! 
the Benedict Method to the Estimation of Lsvulose and 
Inulin. Euth E. Obey (J. Biol. Chem., 1919, 38, 33---42)q- 
Benedict’s method for the estimation of dextrose (A., 1918, ii. 2ii] 
may be applied witb suectes to the estimation of lECvulose 
inulin. It is necessary in some cases to eliminate the disturbing 
influence of certain salts. 

Estimation of Furfuroids (Furfurosans) in the OiSereai 
Products of Beet-sugar Factories. II. R- Gilcet (fii 
Aisoc. Chim. Suer., 1918, 85, 93— 102).— In a previous paper (A. 
1918, ii, 248), it was shown that in the determination w 
substances in beet-sugar factory products by the Tollens-Oounc 
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procedure, suorose and hexoses in general yield a certain aniount 
furfuraldAyde, tie quantity of which, in spit© of precautions 
to ensure unifonnity, is variable. Satisfactory results, however, 
are claimed to have been obtained by a preliminary elimination 
of the hexose sugars by fermentation, after which the liquid is 
distilled with hydrochloric . acid and the phloroglucide precipitated 
and weighed in the usual manner. Operating in this way, the 
amount of pentosans and “pectic substances” in beet molasses, 
per cent, of the non-sugars present, was found to average 2'10 and 
5’70 respectively. In the case of first- and second-grade sugars, 
the proportions were considerably higher, from which the author 
concludes that a large part of the stecalled furfurosans or furfur- 
aldehyde-yielding substances present in tbe clarified syrups are 
retained by the sugars when drying in the centrifugals. 

J. P. 0. 

Filter for Use in the Estimation of Crude Fibre, etc. 

F, Mach and P. Lederlk (Chrm. Zeit., 1919. 43, 251). — A disk 
of fine platinum gauze (16 to 17 meshes per cm., each mesh 0-5 mm. 
wide) is placed on a perforated porcelain plate contained in a 
funnel, and asbestos fibre or pulp is introduced so as to form a 
layer on the gauze. W. P. S. 

Systematic Extractions with Ether. Joh. Pihhow ( Zeiiach . 
Sahr. Genussm.., 1919, 37, 49— 65).— At 15°, the distribution 
coefficient of glycollic acid between water and ether is 32, and of 
formic acid 2-4 ; at 26°, the coefficients are 38 and 2'5 respectively. 
The extraction of succinic acid, oxalic acid, malic acid, etc., from 
half-saturated solutions has been investigated. Lactic acid and 
citric acid may be separated and identified by extraction and use 
of the distribution coefficients. A substance which is not readily 
extracted may be estimated by making a series of successive and 
similar extractions; complete e.xtraction is unnecessary. 

W. P. S. 

New Process for the Estimation of Oxalic Acid. Eawiir 

Ott (Her., 1919, 52, [A), 752—753. Compare H. Krause, this 
vol., ii, 203). — The quantitative decompqsition of oxalic acid into 
carbon monoxide, carbon dioxide, and water by acetic anhydride 
in the presence of a trace of sulphuric acid had previously been 
described by the author (A., 1913, i. 1302), and had been attributed 
by him to the intermediate formation of oxalic anhydride; it had 
not, however, been adapted by him to the rapid and exact estima- 
tion of oxalic acid and its salts. 

Recovery of Ether in Fat Estimations. J. Osossfeld 

(Uiheh. Nahr. Genusm., 1919, 37, 81— -82),— A considerable 
portion of the ether used in fat extractions remains in the extrac- 
tion thimble; this portion of the solvent may be recovered if, as 
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soon as the extraction is completed, the thimble and its contents 
are transferred to a suitable apparatus and distilled W. P. 

Detection ol Acetone in Urine. Otto Maykr {ZeiUch 
physiol. Chem.^ 1919, 104 , 220 — 228). — A general review of tie 
methods for detecting and estimating acetone in urine. A modifi. 
cation of the Legal test is described which gives a reaction witt 
acetone present in a dilution of 1:1000. J. C, p, 

Nephelometric Estimation of Acetone in Urine, g 

IssoGLio (Giorn. Farm. Chtm., 1917, 66, 301 — 303; from Chm 
Zentr., 1919, ii, 150).--For the estimation of small quantities of 
acetone, the turbidity due to iodoform, and obtained by the use 
of alkaline iodine-potassium iodide solution, is compared with that 
given by a similarly treated solution of acetone (0*01%). 
tests are performed in two similar crystallising dishes 7 cm, jj] 
diameter and 4 cm. high. Urine (100 c.c.) is mixed with half 
volume of water, and 100 c-c. of the distillate are collected. Tb 
distillate (10 c.c.) is mixed with sodium hydroxide solution 
10 c.c.) and water (30 c.c), and iodine-potassium iodide solution 
(5%, 10% KI, 5 c.c.) is added. The turbidity obtained is ooni’ 
pared with that simultaneously given by 10 c,c. of acetone solution 
(0‘01%). If the acetene content of the distillate is greater than 
that of the control, a proportionately smaller volume is taken, 
which is then diluted to 10 c.c. ; in the reverse case, less of tbe 
control solution is taken, but the volume of the samples must 
invariablv be made up to 10 c.c.. so that the volume of solutiun 
in the dish always amounts to 50 c.c. It is observed that the 
rapidity with which the turbidity appears is, within certain iimit, 
proportional to the acetone content. H, IV, 

Estimation of Urea in Urine by Direct NesslerisatioD, 

Otto Folin and Guv E. Youngbubg (/. Biol. Ckem., 1919, 36, 
111- -112). — The preparation of a urease product is described, tk 
use of which permits urea nitrogen to he determined directlv by 
Nesslerisation. J. C. D, 

Rapid Method for the Estimation of Urea in Urine, 
.Tames B. Sumner fwith Aaron BodanskyI (./. Biol. Chem.. 1919, 
38 , 57 — 61). — To 1 c.c. of urine in a centrifuge tube is added 1 c.!;. 
of a phosphate solution and urease. The reaction is assisted hy 
maintaining the tube warm for twenty minutes. The proteins are 
then removed bv potassium mercury iodide and centrifugalisatioc, 
and the ammonia estimated in an aliquot part of the superiiata:i 
fluid. The method gives results which agree well with those carm 
07it hy the aeration method. J- 

Estimation of Urea and Non-Protein Nitrogen in Blooj 
and Tissue by Means of Nessler Reagent. A. 

Pn. OoKiUN (./. Pharm. Chim., 1919, [vii], 19 , ? ^ V 
281- 294),— From 1 to 3 o.c. of blood, serum, etc., is m'seit » 
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2 to 6 c.c. of a suspension of 1 gram of soya-bean flour in 100 c.c. 
of water containing 0 4 gram of sodium dihydrogen phosphate- 
the mixture is kept at 56° for fifteen minutes, then treated with 
its own volume of 20% trichloroacetic acid, filtered, and the 
ammonia is estimaM in the neutralised filtrate by means of Nessler 
reagent; the quantity of ammonia found is a measure of the urea 
present. To estimate non-protein nitrogen, the substance (blood, 
tissue, etc.) is thoroughly macerated and extracted with chloro- 
form water, the extracts are treated with trichloroacetic acid to 
precipitate proteins, and, after filtration, a portion of the filtrate 
is digested with a mixture of phosphoric acid, three parts, and 
sulphuric acid, one part, and containing one-fifteenth of its volume 
of 10% copper sulphate solution. The ammonia formed is then 
estimated directly in the neutralised solution by means of Nessler 
reagent. p g 


Analysis of Mercury Fulminate. A. Langbass (Zeitsch. 
finol. Chem., 1918, 57, 401 — 445). — A method described for the 
estimation of mercury fulminate depends on the formation of 
hydroxylamine when the fulminate is dissolved in 12% hydro- 
chloric acid; the hydroxviamine is estimated by boiling the hydro- 
chloric acid solution with the addition of iron alum solution, and 
then titrating the hot mixture with .V/20-permanganate solution, 
[See, further, J. Soc. Chem. Ind., 1919, 389a. ] W. P, S. 

Tun^tic and Molybdic Complexes as Precipitants of 
Organic Bases. Luis Gugliachslii (Ami. Soc. Qitim. Argeniina, 
1918, 6, 57 — 64). — Solutions of the sodium salts of the following 
acids in dilute hydrochloric acid were prepared : tungstic, arseno- 
timgstic, silicotungstic, phosphotungstic. molybdic, arsenomolybdic, 
hosphomolybdic, arsenotungstomolybdic. arsenovanadotungstic. 
'he effects of these reagents on the following organic bases in 
ilute hydrochloric acid solution were observed and tabulated : 

- and iS-naphthylaraiue, benzidine, antipyrine, pyramidone, 
affeine, pyridine, nicotine, quinoline, cinchonine, cocaine, 
iiramine. W. S. M. 


A Reaction of Aconitine. L. P. J. Palet (J. Pharm. Chim., 
919, [vii], 19, 295 — 296). — Crystallised aconitine yields a violet 
oloration when heated with phosphoric acid solution (D 1’7); 
morphous aconitine gives a grey coloration with the test. Both 
arms of aconitine give a violet coloration if the phosphoric acid 
I mixed previously with 4% of its weight of sodium molybdate. 
Ispidospermine and veratrine also give a violet coloration under 
hese conditions, but the former may be identified by the action 
f oxidising substances on it, and the latter by means of its reac- 
lon with mineral acids. Other alkaloids do not give a violet 
oloration. [See. further, .7, .W. fli fm. InfJ., 1919, July.] 

W. P. s. 
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Detection of the Poiaona which can be Extracted witji 
Ether from the Acid Aqueous Solution in the Stae-Otto 
Procees. III. 0, Tunmann (Apoth. Zeit., 1918, 33, 443—444^ 
447 — 448,' 454 — 455; from Chem. Zenir., 1919, ii, 42—43. Com- 
pare A., 1918, ii, 139 ).— CofcAfcine.— The residue, obtained accord- 
ing to Stas-Otto, is an amorphous, brownish-yellow mass with a 
very bitter taste. The sublimates are dull white or yellow and 
amorphous. Hydrochloric and sulphuric acids colour the sublimate 
yellow. The solution in sulphuric acid becomes pale green, blue, 
and violet on addition of a litUe nitric acid. Nitric acid gives a 
violet, greenish-yellow, and yellow coloration, which becomes red 
on addition of alkali. Phenol solution causes the separation of 
minute drops from the aqueous solution of the sublimate. Ferric 
chloride imparts a dark green or olive-green colour, but only dis- 
solves the sublimate when warmed, the coloration becoming more 


intense. 

Caffeine can be immediately sublimed from all its pharma- 
ceutical preparations, and also from blood or urine; it is^more 
difficult, and often not directly possible, to obtain similar sublimate! 
from theobromine. Caffeine sublimates consist of needles and 
prisms with direct extinction, and six-sided platelets; theobrcmiiis 
rublimates never exhibit these large crystals, hut are composed of 
needles and masses of small nodules. If the sublimates are 
moistened with nitric acid (5%) and a drop of silver nitrate solu- 
tion (5%) is added, large, rounded nodul^. from which fine, bent 
crystal threads project, are observed with caffeine, whilst theo- 
bromine yields large sheaves and tufts composed of long, colourless, 
rectangular rods, which have oblique extinction and polarise 
strongly in all colours. The reaction with mercunc chloride can 
also he applied to theobromine; the crystals of theobromine mercunc 
chloride polarise in colours, generally have oblique extinction, but 
are composed of small groups which cannot always be recognised 
even with a lena. Mercuric chloride and gold chlonde are not 
suitable reagents for distinguishing hetwwn caffeine and theo- 
bromine With bromine-potassium bromide, crystals dimrmj 
from those described by Eder (A., 1917, ii, 346) can be obtaiuet 
if the caffeine sublimate is first dissolved in the bromine-hromi 
solution and hydrochloric acid is carefully add^; m addition to 
a few needles (10-20;.), single yellow 

which prisms gradually group themselves All the crysta a 
more or less colourless after an hour. Under these condite, 
theobromine does not give a precipitate When caffeine or th 
bromine sublimates are treated with hydriodic acid ' ^ 

tions warmed until gas commences to he evolved, a pnrtio 
bases collects in black lumps, whilst " „to 

tion; small, hlackish-brown rhombs and fo^r-sided plates sepa 
from the caffeine solution, which appear red 
Nicols, show very faint pleochroism, and finally unite to 
masses. From the theobromine solution, much 
sided or rhombic platelets crystallise, which show uniisu J 
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pleochroism and, generaUy, oblique extinction. Caffeine and.tbeo- 
bVomine are moBt readily distinguished by means of nitric acid 
If the sublimates are warmed with concentrated nitric acid until 
a colourless rim is formed, caffeine nitrate separates in the same 
form as by sublimation or can be identiffed as chloralcaffeine, whilst 
the theobromine nitrate appears in short, thick crystals and rhombs 
which grow to masses and rosettes. The murexide test can readily 
be perfonned on an object-glass, and the results are conclusive with 
20 /ig., and probably with less. 

Mercuric Chloride.— Ta avoid confusion with the members proper 
of this group, the following reactions for mercury may be per- 
formed with the sublimates. Zinc chloroiodide gives a pale red 
colour at the edges, and the precipitate is soluble in an excess of the 
reagent. Hydriodic acid gives a brownish-red precipitate at the 
rim, which is immediately soluble in excess of the reagent. Nitric 
acid yields a colourless solution which, on evaporation, deposits long 
prisms of mercunc chloride. Identification of mercuric chloride 
is confirmed by the following tests: Precipitation of the iodide 
from iodine solutions by means of copper sulphate, precipitation 
of the oxide by alkali, amalgamation with copper wires under a 
coverslip, distillation, and conversion of the distilled mercury into 
the iodide. jj ''iff 

Use ol Certain Reagents for the Detection of 
in Human Urine. Oh. Mattei {Compl. rend. Soc. Biol., 1918, 
81, 315-317; from Chem. Zentr., 1919, ii, 326).— The sensitive- 
ness of a number of reagents has been determined, using emetine 
solutions of known content. Tancrct s reagent gives a jierceptible 
turbidity with 0'0000125 gram emetine hydrochloride in 5 o.c., 
Mayer-Valser’s reagent with 0-000026 gram in 5 c.c., Drageiulorlt’s 
and Bouchardat’s reagents with O'OOOOS gram in 5 c.c. Calcium 
chloride and hydrochloric acid give a distinct coloration with 
0'0002 gram in 5 c.c. Froelide’s reagent is also very sensitive. 

H. W. 

Detection ol Nicotine. 0. Tunbahs [Apoth. Zeil, 1918, 33, 
485—486; from Chem. Zentr., 1919, ii, 227).— A few crystals of 
^dimethyiaminobenzaldehyde are dissolved in a drop of fuming 
hydrochloric acid on an object-glass and brought into contact with 
a drop of an aqueous solution of nicotine. A pink, and then a 
reddish-violet, zone is formed at the line of cmitact, and the whole 
i^uid becomes reddish-violet. The coloration increases in intensity 
and is permanent for ten to twenty-tour hours. Under similar 
conditions, coniine, pyridine, and acetone do not yield colorations. 

online, pyridine, and the other alkaloids do not influence the 
reaction. Aniline, in not too dilute solution, gives a red coloration, 
lut crystals of the dye immediately separate. The reaction affords 
e most sensitive test for nicotine without using a microscope, and 
Occurs within a minute with 0’2 mg. of the alkaloid. The presence 
0 nicotine in cigar smoke is easily demonstrated in this manner. 
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The most sensitive microchemical reagent is a cold saturated 
solution of picric acid to which 10% of concentrated hydrochloric 
acid has been added. A yellow, amorphous precipitate, from, 
which crystals sepArate in a few seconds, which is recognisable with 
the naked eye, is obtained with 10 pg. nicotine. With 5 ^g. gf 
the alkaloid, the precipitate is not formed, but the same crystals 
appear, generally, however, in indistinct, feathery forms but 
always of the same magnitude and arranged in groups. The 
latter can generally be recognised by the eye, invariably with a 
lens. The limit of sensitiveness (in two to three minutes) is 3 
The prismatic crystals shine yellow and green between cro.ssed 
Nicols, and generally have oblique extinction. Aniline, coniine 
and dilute pyridine do not yield crystals. Pure pyridine gives' 
similar crystals, but not the preliminary amorphous precipitate. 

H. W. 

Identification of Bilirubin. E. ICtAFTKit (Wien. Uin. Woch. 
1918, 31, 1018; from Ghent. Zentr., 1919, ii, 152). — Methylene- 
blue solution (1%, five drops) is added to the urine (5 c.c.), giving 
an emerald-green coloration, which disappears on addition of 
two to three drops of potassium permanganate solution (1%) and 
is replaced by an intense blue colour. The reaction is character- 
istic of bile pigments, and depends on their ready decomposition 
by potassium permanganate, whereby the yellow components are 
removed from the mixture of dyes. H. W. 

A System of Blood Analysis. Orro Folin and Hsibn \Vu 
(J. Biol. Chem., 1919, 38, 81 — 110). — An attempt to combine a 
number of different analytical procedures into a compact system 
of blood analysis so that estimations of non-protein nitrogen, urea, 
creatinine, creatine, uric acid, and sugar may be carried out on 
10 c.c. of blood. The pivotal point is the preparation of a satis- 
factory protein-free filtrate from the blood. For this purpose, 
tungstic acid was found highly satisfactory, less than 1 gram being 
sufficient to remove the proteins of 10 c.c. of blood. The separ- 
ation is rapid and does not involve any loss of the substances which 
it is desired to estimate. In this filtrate, total non-protein nitrogen 
is determined by a slight modification of the direct Nesslerisation, 
method (A., 1916, ii, 573). Sugar is estimated by the reductioi* 
of an alkaline copper tartrate solution, followed by the measure^ 
ment of the depth of colour produced with Folin’s phenol reageiii 
(A., 1912, ii, 1012). The results indicate that this method is thi^ 
most accurate of anv proposed for the estimation of blood sugar. 

J. C. B. 
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Experimental. 

The results herein recorded were obtained during the course of 
an investigation which is still in progress (and, when completed, will 
form the subject of a communication to this Society), on the relative 
tendencies to spontaneous ignition of the several distinct portions 
into which a banded bituminous coal can be separated (see Stopes, 
Soc., 1919, [5], 90, 470; Tideswell and Wheeler, this 
vol., 619). The particular coal used was the “ durain ” portion of 
the Thick Coal Seam, Hamstead Colliery. 

The apparatus used, which will be described in detail when the 
complete research is described, enabled air or oxygen or any mix- 
ture of gases to be circulated in a closed system through the coal, 
.^hich was packed in a reaction-tube the temperature of which 
could be maintained constant. The progress of the reaction could 
be followed by the change of pressure within the system and by 
analysis of the gases. 

In all but the experiments with mixtures of carbon monoxide and 
air, in which a water-bubbler was used, the gases were dried by 
passage through a calcium chloride tube included in the circuit. 
The coal was ground so as to pass through a 10 x 10 and remain on 
a 60 X 60 mesh sieve. At the beginning and end of each experiment 
the coal, in position in the reaction tube, wa.s raised to 200® and 
e.diausted at that temperature. 

Typical results for the absorption of pure oxygen at different tem- 
peratures are recorded in Fig. 1. Typical results when mixtures of 
carbon monoxide and air and hydrogen and air were used are as 

follow; 

Carbon Monoxide and .lir (7 '15 per cent. CO). 


Volume of apparatus : 3,300 c.c. 

Mean pressure of gases : 660 imn. 

Composition: Expressed as c.c. at 15® and 760 mm. 



CO,. 

Oo. 

CO. 

N,. 

H,. 

Initial atmosphere 

0-9 

590 

227 

2240 

nil 

Final atmosphere (after 
circulaticm during 1 20 
hours at 100®) 

53-4 

79 

249 

2240 

nil 


Oxygen absorbed»611 c.c. CO._. formed=62*B c.c. 
CO formed=22 c.e. Ratio (X)JCO=2'i. 


COg. Oo. CO. N.,. H.,. 


Gases removed from the 
coal hy exhaustion at 

200® 26-5 nil 7*7 0-3 nil 

Ratio COj/CO removed 
at 200“... 3*3 

'^OL. CXV. 


L L 
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Hydrogen and Air (3*85 per cent. Hg). 


Volume of apparatus : 1 ,200 c.c. 

Mean pressure of gases : 660 mm. 

Composition! Expressed a# c.c. at island 760 mm, 


CO4. 

Initial atmosphere nil 

After 20 hours at 100® ... 10*62 
„ 42 „ „ ... 11*20 

„ 66 „ „ ... 12*00 


0,. 

CO. 

N^. 

E,. 

213*5 

nil 

788 

40*2 

16*6 

3*4G 

796 

40-8 

4*9 

4*60 

791 

39.7 

2-6 

4*77 

791 

40-5 


Oxygen absorbed— 211 0 . 0 . COg fonned=12-0 c.c. 
CO formed=4‘77 c.c. Ratio COj/CO = 2*5. 


CO.> O.. CO. N.. H 2 . 


Gases removed from the 
coal by exhaustion at 

200® 3*7 nil 1*2 0*1 nj] 

Ratio COa/CO removed at 
200® 3*1 

Eskueals, 

CiBfBERLAND. [Received, June \Bth, 1919.] 


LXXVL— ?’Ae Catalytic Reduction of Hydrogen Cyanide. 

By Sydney Barratt and Alan Francis Titley. 

When hydrogen cyanide vapour is reduced by gaseous hydrogen in 
the presence of metallic catalysts, mono-, di-, and tri-methylamine, 
ammonia, and methane form the bulk of the products. The pre- 
sent paper deals with the relative quantities of the basic sub- 
stances produced, which were found to vary with the nature and 
temperature of the catalyst, and with other conditions which are 
described. 

Debus (Jouj'7i. Chem. *S'oc., 1863, 16, 249) passed a mixture of 
hydrogen and hydrogen cyanide over platinum black and noticed 
reduction, accompanied by a considerable development of heat, 
even at the ordinary temperature. He states that the reaction 
proceeded vigorously at 110^^, the main product being mouoinethyl- 
amine. The rapid decrease in Uie activity of the catalyst was 
attributed by him to the formation of a double cyanide of methyl- 
amine and platinum, which he isolated. 

Linnemann (Annahn^ 1868, 146, 38), using the same catalyst, 
found that the reduction proceeded smoothly at 300*^. Although 
the formation of the double salt was not observed, he found that 
the catalyst soon lost its activity. 

Sabatier and Senderens {Gompt, rend., 1905, 140, 482) inyestj 
gated the reduction of hydrogen cyanide in the presence of nicke . 
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They showed that the temperature required for efficient reduction 
lay between 300*^ and 400°, nr somewhat higher than that required 
by other nitriles. Ammonia and dimethylamine preponderated in 
the products isolated. 


Experimental. 

The larger number of the results described in this pa 2 )er were 
obtained with platinum catalysts, but preliminary e.xperiments 
were also carried out with finely divided iron prepared by the 
decomposition of ferrous oxalate at 380°. 

With the latter catalyst, reduction proceeded at 170° and 
upwards. At 200°, the basic products isolated by passing the 
resulting gases through hydrochloric acid contained approximately 
45 per cent, of monomethylamine and 55 per cent, of ammonia, 
with barely a trace of dimethylamine. 

The rate of reduction was very low, even at higher tempera- 
tures, and after trials under varying conditions, the conclusion 
was reached tha^ iron was an unsuitable catalyst for the reduction 
of hydrogen cyanide. 

Platinum proved to be considerably more efficient than iron as 
a catalyst for this reduction, and although it was not found possible 
to employ the low temperatures suggested by Debus, the activity 
displayed by the platinum at rather higher temperatures was con- 
sistent throughout a long series of experiments. 

The catalyst was prepared by soaking blue asbestos fibre in 
platinum chloride solution. The resulting mass w'as then dried 
and reduced in a current of hydrogen at 150°. Catalysts contain- 
ing from 01 to 40 per cent, of platinum on tho asbestos were 
tested. Only those preparations containing more than 10 per cent, 
of platinum were of practical value in the form of apparatus 
described below. Those containing less platinum were not suffici- 
ently vigorous, and the catalyst containing 20 per cent, of platinum 
was most frequently employed. Such variations in tho composition 
of the catalyst affected only the efficiency of the reduction, and 
not the nature of the products. 

Hydrogen cyanide dried by calcium chloride was prepared and 
liquefied, using the method described by Wade and Panting (T., 
1898, 73 , 255) ; its vapour, mixed with a regulated volume of 
electrolytic hydrogen, was passed through 22 — 30 cm. of platinised 
asbtetos in a 1'3 cm. tube heated in a r^istance furnace to a 
temperature measured by a thermo-couple. The alkaline products 
ri the reduction were retained by passage of the gases through 
l^ydrochloric acid. 
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Under these conditions, reductaon was first obsMved at 80® 
The velocity of the reaction increases smoothly with rise of tempera- 
ture to 180°, above whidi it was fairly rapid; for example, at 200® 
90 — 100 per cent, of the total hydrogen cyanide in a mixture 
passed at the rate of 6 litres an hour, was reduced by 0-3 gram of 
platinum on 1 gram of asbestos. There appeared to be no 
advantage in raising the temperature of the catalyst above 220® 
The composition of the products, however, was not appreciably 
affected by carrying out the reduction above 250°. 

The products were analysed by the following method. The 
hydrochloric acid solution of the aminee and ammonia was 
evaporated to dryness, and the solid chlorides were extracted with 
a known volume of absolute alcohol in excess over that required 
for complete solution of the amine hydrochlorides. Allowance 
being made for the slight solubility of ammonium chlorides in 
alcohol, evaporation of the alcoholic solution gave the total weight 
of amine hydrochlorides present. These were finally extracted 
with chloroform to separate the mono- and di-methylammonium 
chlorides. 

From a consideration of the following equations, 


HCN-f-2H.>=CH3-NH2 (1) 

HCN-b3Ha=NH3 4-CH4 , (ii) 

2CH3*NE2=(CH3)2NH-bNH3 (3) 

(CH3)-,NH + CH3*NH,=:(CH3)3N-hNH3 . . , . (4) 


it will be seen that, in accordance vrith the law of mass action, 
reaction (2) might bo expected to be favoured by an excess of 
hydrogen in the gas mixture passing the catalyst. The very 
reverse, however, took place. If the partial pressure of the 
hydrogen cyanide was high and approached that required in theory 
for complete utilisation of the hydrogen (that is, 1 vol. of hydrogen 
cyanide to 2 vols. of hydrogen), then the products consisted almoit 
entirely of ammonia. As the partial pressure of the hydrogen 
cyanide decreased, however, the proportion of the methylarnines 
in the product rapidly increased. This continued up to a raasj- 
mum, above which, however dilute a gas mixture was employed, 
the methylamine content of the product was constant. The 
following table and figure illustrate this point. 


Composition 

Total 

methylamines. 

Ammonia, 

of gas mixture. 

per cent. 

per cent. 

1 vol. HCN to 11 voht. H.,. 

8 

92 

1 „ „ 4 „ . 

33 

66 

1 .. ,r 6 .. ,> . 

68 

32 

1 ..8 „ 

78 

22 

1 „ „ IS 

80 

20 



THE CATALYTIC EEDTTOTION OF HYDROGEN CYANIDE. 905 

We are unable to offer an explanation of this anomaly 
The "total methylamines” given in the above table consist of 
mono- and di-methylamines in varying proportions, although tri- 
methylamine is also present in minute quantities. The proportion 
between mono- and di-methylamine, as would be expected, is also 
affected by the partial pressure of hydrogen cyanide in the react- 
ing gases. With a concentration of 1 vol. of hydrogen cyanide 
to 4 vols. of hydrogen, more than half of the total methylamine 
was diniethylamine. With 1 vol. of hydrogen cyanide to 15 vols 
of hydrogen, this decreased to less than 10 per cent, of the total 
This is shown in the accompanying figure (curve A) 


Composition of gas mixture. 

1 vol. HCN to 4-0 vols. H, ... 
1 .. 4-4 „ ... 

1 .. .. 5-6 .. 

1 .. ,. 6-3 

1 , .. 8-0 .. „ ... 

1 „ 15-0 


Mono- and di-raethylamine 
in the products. 

Per cent. 


Mono- 

Di- 

10 

25 

15 

23 

40 

20 

54 

16 

66 

12 

72 

8 


The figures given in the tables above vary within about 5 per 
cent, in individual experiments, made with different preparations 
of catalyst containing the same amount of platinum. The tables 
represent the results obtained with a catalyst prepared as 
described, and working at temperatures from 180° to 220°. 

ihe alteration in the behaviour of the catalyst with use proved 
to be unusual. Although the formation of a double cyanide of 
ifiatinum and methylamine, to which Debus attributed the short- 
lived activity of his platinum black, was never observed, the 
activity of our catalysts was found to undergo a peculiar change 
during successive experiments. The longer the time in use, in 
spite of identical conditions of temperature and gas concentration, 
the greater the percentage of ammonia in the reduction products 
became. This change was very irregular, but occurred more 
rapidly the less platinum there was on the asbestos. Thus with 
0 4 ^am of platinum deposited on 1 gram of asbestos, the com- 
position of the products was constant during a period of fifteen 
ours, but with only O’l gram of platinum to the same weight of 
as estos, an appreciable difference was noticed after one hour. 

. tlempts to renew the original behaviour of the catalyst by heah 
mg m hydrogen, oxygen, or hydrogen chloride up to 600° were 
unsuccessful. Treatment with chlorine, however, at 200° for a 
® 0 period completely renewed the former activity, and, in one 
r wo cases, brought about a slight increase in the yield of methyl- 
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amine over that obtained with the freshly prepared platinum. ly 
one case, the original percentage of methylamines in the products 
was 79; during five hours’ use of the same catalyst, this decreasft(] 
to 50, but, after passage of chlorine over the platinum, rose to 
86 at the same t-eniperature and with the same concentration of 
the gases. 


Oraph illustrating the changes in the products oj reduction caused 
by alterations in the composition of the gas mixture. 



Volumes of hydrogen to one volume of hydrogen eyaniie. 

A. Fcjcenlage of methylamine. 

B. Percentage of monome-thylamine. 

At the close of the above work, the conditions were brieflj 
studied, under which methylamine decomposes into hydrogen and 
hydrogen cyanide. 

Liquid nionomethylamine was prepared from the hydrochlon e 
and sodium hydroxide, and its vapour passed over a platinu® 
catalyst, prepared as described. It was found that the dehydrogen 
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ation, although perceptible at 220°, only proceeds with consider- 
able velocity above 300°, that is, at temperatures more than lOw 
higher than the minimum required for efficient hydrogenation of 
the cyanide. This is in accordance with the general rule observed 
by Sabatier. 

Since ammonia and methane, as well as hydrogen cyanide anti 
dimethylamine, were detected in the products, it appears probablL 
that the hydrogen resulting from the dehydrogenation process' 
reduces a further portion of the methylamine (compare Sabatier 
and Mailhe, Compt. retid., 1917, 165, 224, 309), 


Summary. 

(1) Platinum catalyses the reduction of hydrogen cyanide by 
gaseous hydrogen above 120°, readily above 180°, 

(2) The nature of the reduction products, although unaffected 
by alterations of temperature between 120° and 250°, is dependent 
on the partial pressure of the hydrogen cyanide in the gas mix- 
ture employed, the proportion of monomethylamine increasing to 
a maximum as this partial pressure is decreased. The secondary 
reactions which give rise to di- and tri-methylamine are also less 
marked the lower the pressure of the hydrogen cyanide. 

If the concentration of the hydrogen cyanide in the gas mixture 
is made sufficiently small, a yiel^ of 80 iter cent, of total methyl- 
amines, and more than 70 per cent, of monomethylamine, can be 
obtaiued. 

(3) On coutimied use of a given catalyst, the yield of methyl- 
amine diminishes, and is replaced by ammonia. The original 
behaviour of the platinum is restored by treatment with chlorine. 

(4) The dehydrogenation and auto-reduction of methylamine 
only proceeds with noticeable velocity above 300° in the presence 
of platinum, and was not observed at 200°, the temperature 
employed in the majority of the experiments described in this 
communication. 

Our thanks are due to Professor F. Francis for the assistance he 
gave us during this investigation. 

Chemical Departmeice, 

The Uhivebsitt, Bhistol. 


[Received, June \2ih, 1919.] 
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LX XVI I . — The Chemistry of Burgundy Mixtures, 

By Robert Ludwig Mond and Christian Heberlein. 

^Although mixtures of sodium carbonate and copper sulphate 
generally known as “ Burgundy mixturea/’ have been in use for a 
number of years as a most effective agent for combating plant 
diseases of a fungoid character, the chemical reactions which take 
place when these substances are mixed in solution have hitherto not 
received much attention. 

Abegg (“ Handbuch der anorg. Chemie,” II., i, 633) states: 
■' From solutions of copper sulphate, sodium carbonate at ordinatv 
temperatures gives a greenish-blue colloidal precipitate of varying 
composition, which contains absorbed alkali carbonate. With excess 
of copper sulphate the precipitate also contains basic copper sill- 
phate. With equivalent quantities of the components the gel 
contains copper and carbon dioxide in the ratio SCuOrlCOn. 

If the precipitates are left with the mother liquor they hecoiiie 
crystalline and change into the green, granular basic carbonate, 
3CuCO3,3Cu(0H)j,H„O. 

In contact with a concentrated solution of sodium carbonate, the 
gel is transformed into Deville’s blue, crystalline double carbonate, 
Na2C03,CuC03,3Hj0.” 

This statement pointed to a complexity of reactions which 
required further elucidation. The fact that a colloidal solution 
was formed appeared to us to have an important bearing on the 
fungicidal properties of the material in question, and we asked 
Prof. Barker, of the University of Bristol, to investigate the rela- 
tive advantages of the colloidal over the crystalline state. His pre- 
liminary results are embodied in a very interesting paper, which 
will be published in the University’s Annual Report, 

■ In spite of the highly significant work which has been clone by 
Pickering (T., 1909, 95, 1409) and Ravaz (“Le Mildion, ’ Pans, 
Masson and Cie., 1914) on Burgundy mixture, we found the problem 
more complicated than they had assumed, and we proceeded to carry 
out our investigations on the following lines : 

(1) The main reactions between copper sulphate and sodium car- 
bonate were quantitatively studied with various ratios of the com 

poaents. , , 

(2) The reaction between copper sulphate and sodium hy r g 

carbonate was examined. 
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( 3 ) The free carbon dioxide and the carbon dioxide in the 
ipitate were estimated, and the ratio CuOiCO, in the precipitaf/ 
m determined. 

( 4 ) The solvent action of carbonic acid was studied. 

(o) The basic sulphate was determined in various mixtures to 
Lscertain the ratio CuO : SO 3 and CuO : CO, : SO 3 . 

( 6 ) The absorbed sodium carbonate was estimated. \ 

(7) The causes and reactions of the change from the coUoidal 
precipitate to malachite were investigated. 


( 1 ) The Main lUacUon.^ between Copi/e'r Siilpkote and Sodium 
Carbonate. 

The mixtures were generally made at 15^ by dissolving 4 grams 
of crystallised copper sulphate in 200 c.c. of water and a. varying 
amount of crystallised sodium carbonate in 200 c.c. of water, and 
then pouring the two solutions simultaneously into a third beaker, 
thus avoiding any excess of one reagent over the other. The mix- 
tures were tested {a) with litmus paper; ( 6 ) the copper in solution 
wag estimated by electrolysis; (c) a filtered portion of the mixture 
was tested directly with ferrocyanide; {d) a filtered portion, after 
boiling and filtering, was tested witli ferrocyanide; {e) the free 
f^odium hydrogen carbonate and the basic copper sulphate in solu- 
tion were titrated with .V/ 10 -liydrochloric acid, using methyl-orange 
as indicator; (/) the free sodiiim carbonate was titrate<l with phenol- 
phthalein as indicator. 

The various mixtures and the results of the analyses are tabulated 
ill table I. 

It will be noticed that a theoretical mixture of equivalent amounts 
of copper sulphate and sodium carbonate, namely, 4 grams of 
CuS 04 , 5 H 20 : 4-58 grams of NagCOa^GHgO, although reacting 
alkaline towards litmus and methyl-orange, contains a considerable 
amount of copper in solution. A mixture with /’SS gramg of 
sodium carbonate (Pickering’s mixture) contains the minimum 
amount of soluble copper. Larger amounts of sodium carbonate 
cause the formation of complex compounds containing electronega- 
tive copper. 

From curve 1 in Fig. 2 it will be seen that the solution is alkaline 
towards methyl-orange after a small addition of sodium carbonate, 
due to soluble basic copper sulphate. The curves in this figure 
show three distinct stages. Up to 4*25 grams of sodium carbonate 
the solution contains free copper sulphate and an increasing amount 

L L* 
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of dissolved basic copper sulphate* From 4'25 to 7’38 grama the 
dissolved basic copper sulphate falls to a minimum. The sodium 
hydrogen carbonate rises regularly from nil, and beyond 7*38 grams 
of sodium carbonate free sodium carbonate appears. 

Copper sulphate solution, as is well known, has an acid reaction 
due to its tendency to form basic salts by hydrolysis. If the free 


Pio. 1. 



Qrams oj cry«(afline sodium carbonate. 


acid is neutralised by sodium carbonate, the solution will rero'in 
neutral or alkaline so long as the basic sulphate is kept in solution 
by the carbon dioxide evolved. With the gradual loss of the lattei. 
the basic sulphate becomes insoluble, and further hydrolysis takes 
place until the solution is again acid. Further addition of sodiuiH 
carbonate neutralises this acid, carbon dioxide is evolved, pait of tte 
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basic sulphate is precipitated, part of it is retaiu^^ ■ i .• 

the carbon dioxide, and all thle reaolLn, ' 

whole of the copper sulphate is converted The f 

copper sulphate is thns simply explained and it ' 

porarily neutral solution can be obtain’ed with’ve^'uSf 

carbonate. A permanently neutral solution is ob Jn^J 



Grama „/ crysUdlinc sodium carinnatt. 


'’^ause hydroi; s amount. 

The sodim rarbSl tl^ " P^^^Pit^tion . 
basic sulphate conv;.^ t neutralising the free acid, acts on 
carbon dioxide thus evolved^-' carbonate. The 

^nlphate, and with 4-25 pr!is"T!!i^ “f the basic 

25 grams of sodium carbonate the maximum 
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amount of free carbon dioxide and of dissolved basic sulphate is 
reached. Above 4-25 grams the excess of sodium carbonate is eon. 
verted into hydrogen carbonate, the amount of carbon dioxide 
decreases, and proportionate amounts of basic sulphate are precipi- 
tated. At 7 38 grams of sodium carbonate all carbon dioxide has 
disappeared and the minimum of dissolved basic copper sulphate is 
reached. Above 7'38 grams the solution contains also normal 
carbonate, 'which forms soluble complex copper compounds, as is 
ftown in the rising curve of soluble copper. 

We have therefore established that the complete conversion of 
4 grams of crystallised copper sulphate is effected with 4-25 grams of 
crystallised sodium carbonate, that is, 92-8 per cent, of the theo- 
retical quantity. Such a mixture reacts neutral towards red htmu, 
]>aper, faintly acid towards blue litmus (owing to the free carboa 
dioxide), and alkaline towards methyl-orange. If the mixture is 
filtered, the filtrate, which will contain 9 6 per cent, of the total 
copper as soluble basic sulphate, gives a heavy, red precipitate witli 
ferrocyanide. This is due to the secondary action of the carboi 
dioxide, and the test is therefore misleading. If, however, the 
carbon dioxide is eliminated, either by a current of air or by boil- 
ing, and then the ferrocyanide test applied, no trace of copper can 
be detected in solution. 

As this mixture of copper sulphate and sodium carbonate oontaiEs 
no free copper sulphate and no free alkali, carbonate or hydrogen 
carbonate but, on the other hand, the maximum of dissolved basit 
copper sulphate, it may be regarded as having not only the highest 
fungicidal efficiency, but also a maximum potentiality to causa 
injury to foliage. This is borne out by Prof. Barker's exp-, 

and in tho field. 

Physical examination of oiir mixture showed that the copper pre- 
cipitate, as well as the dissolved basic sulphate, is m the colloiW 
condition. The sodium sulphate mother liquor can be separaW 
from the dissolved basic sulphate by dialysis. On removal f ft 
carbon dioxide the hydrosol of basic copper sulphate separate 

well, the reaction being easily reversible. uiutroma 

As is well known, Burgundy mixture changes after a while f 
colloidal into a crystalline condition, giving rise to a numhe 
chemical reactions which will be examined ^ 

The addition of 0-02 per cent, of glue state 

effective in prolonging the period dunng which the 

&xi&ts> - j a colloidsl 

The three micro-photographs illustrate 
film; (a) is without glue; (h) with glue; and (c) 



Golloidt^ 

(A) Wiii>out g'Ztte. 


Colloidal 
(13) With glue. 




Magnified 


Magnified. 


Oryf/lalline. 
(C) Without glue 



Magnified. 


[T'j jnre i-'U. 
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showing the change, to the crystalline state. The separate crystals' 
of malachite and sodium sulphate are clearly distinguishable. 


(■2) The Beactimi letwee.n Copper Snlpkate and Sodium Hydrogen 
Carbonate. 

We found that the reaction between copper sulphate and sodium 
liydrogeu carbonate proceeds similarly to the case of the normal 
;arbonate; basic sulphate and basic carbonate are formed, carbon 
hoxide is set free, and a similar amount of basic sulphate is dis- 
wlved. The minimum weight of sodium hydrogen carbonate for 
complete conversion is 2-50 grams or 92-6 per cent, of the theoreti- 
al. This figure is close to the figure 92-8 found for the normal 
larbonate, and here also the hydrogen carboi^te acts not as a direct 
irecipitating agent, but as a neutralising agent. The copper pre- 
lipitate obtained with the hydrogen carbonate has a paler blue 
■olour, it separates out sooner from the mother liquor, being less 
lydrated, and contains Cu = 21-02; CO,=5-67 per cent, and has a 
•atio CuO :CC2=2'56;1. 


(3) hsthruifion of Carbon Dioxide in the Copper Vrecipitatey 
and of the Free Carbon Dioxide. 


Table II. 


Iryatalline sodium carbonate 
plus sulphuric acid 

ou boiling 

Carbon 
dioxide 
evolved, 
per cent. 

151 

Percentage of 
carbon dioxide 
on total carbon 
dioxide. 

= 1 00 per cent. 

100 

grama of CuS 04 , 5 H ,0 -f- 
4-25 grams of crystotliD© 
sodiura carbonate ... 

15“ 

7-87 \ 
7'96 / 

Average=52*4 

>• Vf 

60“ 

9-78 

64-8 

»» ,» 

on boiling 

1510 

1000 
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The average ratio in a 4'25 mixture is CuO ;C02 = 2'25 :1. Jj, 
periments 1 to 7 show that the copper precipitate, when formed 
quickly loses carbon dioxide, the ratio altering gradually. Qj 
keeping the mixture in an open vessel, carbon dioxide is liberated 
by the decomposition of the basic copper carbonate and the precipi. 
tate becomes crystalline. It is not yet evident, however, from these 
experiments that the change of the colloidal to the crystalline state 
is due to any alteration of the ratio CuO : CO 2 . 

Fresh colloidal mixtures have the ratio CuO ; COo = 2'26 : 1. 

Old crystalline mixtures have the ratio CuO ; C02=2’94 : 1. 

Old crystalline mixtures saturated with carbon dioxide= 2'00;1. 

Old colloidal mixtures and glue have the ratio CuO :C02=2'4G1, 

(4) The Solvent Action of Carbonic Acid. 

An examination of the constitution of the dissolved basic copper 
compound present in acid, neutral, and alkaline mixtures has proved 
to us that only basic copper sulphate is dissolved by the carbon 
dioxide. Reference to curve 1 in Fig. 2 shows that the amount of 
copper precipitate dissolved by carbon dioxide rises gradually to 
a maximum containing 4'25 grams of sodium carbonate, then falls 
to its lowest point at 7'38. This maximum of dissolved copper 
corresponds with 9'6 per cent, of the total copper and is equal to 
0'24 gram of copper per litre in a 1 per cent, mixture. By satiirat- 



Table IV. 


Time. 

After mixing .... 
I hour 

Mixture 1 
without glue. 
Soluble copper 
per litre. 

Gram. 

0-26 

0-22 

Mixture 2 
with glue. 
Soluble copper 
per litre. 
Gram. 

0-30 

0-22 

4 „ 

0-22 



1 day 

2 dav^ 

3 , 

0-22 

0-22 

0-22 

0*22 


016 



6 j, 


0-16 

7 ' 

010 

— 

9 

(precipitate begins 
to change) 

0-06 

0-10 

10 ' 

0-06 

— 

11 ’’ 

006 

0-10 

13 • ’ 

0-02 

0-10 

14 

000 

— 

16 


0’06 

20 „ 



0-02 

22 „ 



001 

24 ;; 

— 

nil 
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ing such a mixture with carbon dioxide the amount of soluble 
copper can be raised to 0-36 gram per litre. On the other hand a 
mixture of 4 grams of crystallised copper sulphate and S'S grams’of 
crystallised sodium carbonate containing O'Ot gram of copper per 
litre on being saturated with carbon dioxide shows scarcely any 
more soluble copper (0'06 gram per litre). The amount of basic 
copper sulphate in such a mixture being very small, the carbon 
dioxide finds little to dissolve, thus affording further proof that the 
copper carbonate is not dissolved by the carbon dioxide. 

If an ordinary mixture, containing 4-25 grams of crystalline 
sodium carbonate, is allowed to remain in an open vessel, carbon 
dioxide is gradually evolved, and the amount of dissolv^ basic 
copper sulphate decreases in proportion. Table IV (p. 918) illus- 
trates this. 

After fourteen days an ordinary mixture containing 4'25 grams 
of crystalline sodium carbonate shows no more soluble copper and 
tJie precipitate lias all turned to malachite. A similar mixture with 
0 02 per cent, of glue loses its soluble cop]>er more slowly, and after 
twenty-four days is still blue and colloidal. 


(5) The Basic Bvlphaie in the Copper Precipitate. 

Table V. 


Mixture. 


CuSO^, 
oHeO 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 ' 


N’ajCO,, 

lOHjO. 


0-2688 

0H375 


1-075 

215 

3-2256 

3- 7632 

4- 0320 
4-30 


5- 375 

6- 45 


8-60 

4-30 


Sulphur in 
precipitate on total 
sulphur in 

Copper 

Molecular 

mixture, =100 

precipitated. ratio. 

per cent. 

Per cent. 

CuO : SO 3 , 

2-10 

6-25 

2-3:1 

3-7 

12-5 

3-2:1 

6-9 

25-0 

3-5:1 

14-7 

50-0 

3-2 : 1 

22-4 

75-0 

3-3 : 1 

21-5 

87-5 

4-0: 1 

17-1 

93-7.5 

5-3:1 

6-3 

100-0 

15-0 : 1 

4-3 

100-0 

22-4. 1 

3-2 

100-0 

30-9 : 1 

0-75 

100-0 

] 26-0; 1 

10-10 

100-0 

9-6:1 



(precipitated at 1 


Basic sulphate is found in every mixture. With small amounts of 
sodium carbonate, more basic sulphate is found than basic carbon- 
ate. ^With an increasing amount of sodium carbonate the ratio 
CuOlSOg keeps fairly constant for a time. The ratio in our mix- 
ture is 15:1. Whereas the ratio CuO ; CO 2 shows little difference in 
varying mixtures, the ratio CuOiSOj alters greatly in mixtures 
containing an excessive amount of sodium carbonate, and the SOg 
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disappears almost completely in a mixture containing 8’6 grams of 
sodium carbonate. 

Treatment with saturated aqueous carbon dioxide decreases the 
S'Os’in the precipitate, and sodium hydrogen carbonate dissolves 
the SO 3 completely. 

The ratio CuO : SO 3 in the soluble basic copper sulphate was found 
to be 3*5 : 1. 


( 6 ) Estimation of the Absorbed Sodium Carbonate in the 
Copper Precipitate. 

On examining the titration figures in table I it will be noticed 
that the amount of sodium carbonate and hydrogen carbonate found 
in solution of the mixtures with an excessive amount of sodium 
carbonate ranges from 4‘5 to 7*8 per cent, below the amount calcu- 
lated. This can only be accounted for by its being absorbed bv the 
precipitate. A direct estimation of the alkali in the precipitate 
was made and the above figures were confirmed. 


Table VI. 


NsjCOj in precipitate 
on total soda 
used, a=100 

Mixture per cent. 

4 jjrama of CuS 04 , 5 HaO + 4*25 
grama of NajCOj.lOHjO ... 4-0 

4 grams of OaSO^^dH^O -f- 4-25 
grams of NajCOaflOR^O with glue 4-1 

4 grams of CaS 04 , 5 Hj 0 4- 8*5 
grams of NsjCOj.lOHjO ... 6-8 


Mol. ratio 
CuO : NojCOj 
in precipitate. 


73 - 5 :1 
75 - 3:1 
44 - 4 ; 1 


(7) Causes of the Change from ike Colloid to Malachite. 

Our experiments suggest that the colloidal state of the precipitafe 
is dependefit on the presence therein of sodium carbonate. The 
absorbed alkali is given up after some time and passes into solution, 
wherein it can be titrated.* The presence of an excessive amount of 
sodium carbonate in solution prevents this; a copper precipitate 
washed completely and stirred with sodium carbonate solution main- 
tains its colloidal state indefinitely. 

For the same reasons spraying mixtures with free sodium carbon- 
ate in solution (mixtures with more than 7*38 grams of sodiinf 
carbonate) retain the colloidal condition. Glue seems to act m a 
similar protective way. * 

Free carbon dioxide and sodium hydrogen carbonate destroy the 

♦ When the maximum amount of free alkali in solution is reached, the 
change of the colloidal precipitate to the crystalline begins to be visible 
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colloidal compound the former acting on the absorbed sodium 
bonate, forming hydrogen carbonate, the latter acting on the 
groups, thus decomposing the compound. “ 


car- 

SO3- 


A mixture 


-ontainmg i Zb grams of crystallised sodium carbonate 
kept in an open vessel at 15° changes to malachite in seven day^ 
Acid mixtures with l^s s^.um carbonate or alkaline mixtures wS 
less than 7 38 grams of sodium carbonate change sooner 
The presence of glue in every case retards the change. 


Conclusions. 


(1) On mixing copper sulphate with sodium carbonate solution 
three distinct copper compounds are formed : (a) Insoluble hydrated 
basic copper carbonate which forms the bulk of the precipitate' 
(h) insoluble hydrated basic copper sulphate; and (c) soluble basi^ 
copper sidphate. Complete conversion of copper sulphate into these 
salts IS obtained when for 1 molecule of copper sulphate 0'93 mole- 
culeof sodium carbonate is added, or for 4 grams of crystallised 

SjSot 

(2) Judging by the results obtained, there appears to be no well- 
de6n^ oom^und of copper, the composition altering according to 
conditions of precipitation. All the copper compounds are subject 

carbonate losing carbon dioxide 
and the dissolved basic copper sulphate soon becoming insoluble. 

(3) A 1 per cent, mixture of 4 grams of copper sulphate and 
25 grams of crystallised sodium carbonate made at 15° gives 

^ ^(a) Basic copper carbonate containing CuO and CO^ in the ratio 


(h) Insoluble basic copper sulphate containing CuO and SO, in 
the ratio 15 :1. ® 

(c) Soluble basic copper sulphate equal to 9-6 per cent, of the 
total copper present. 

(J) On making the mixture at 15° free carbon dioxide is evolved, 
equa to 52 4 per cent, of the total carbon dioxide present in the 
sodium carbonate. 

(5) At a higher temperature more carbon dioxide is evolved, 
until on reaching boiling point all carbon dioxide is expelled and 

1C copper precipitate is converted into black copper hydroxide. 

(6) The amount of basic copper sulphate formed is dependent on 

he amount of sodium carbonate used, and decreases as the latter is 

increased. 

(7) The free carbon dioxide acts as a solvent on the basic copper 
su phate only, not on the basic copper carbonate. 
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(8) The maximum of soluble basic copper sulphate is obtained 
in a mixture of 4 grams of copper sulphate and 4'45 grams of 
crystallised sodium carbonate for the reason that this mixture gi^ej 
the maximum of free carbon dioxide. 

(9) With larger amounts of sodium carbonate free carbon dioxide 
is neutralised to form sodium hydrogen carbonate. 

(10) A mixture with 7'38 grams of crystallised sodium carbonate 
contains no more free carbon dioxide, and therefore a minimum of 
soluble basic copper sulphate. 

(11) The copper precipitate at 15° contains absorbed sodium 
carbonate in the ratio CuO : Na,C03=74 : 1. 

(12) The whole of the copper precipitate is at 6rst colloidal. After 
a short or long period, according to the temperature and tlie ratio 
of the ingredients in the mixture, the gel changes to the crystalline 
state. 

(13) Addition of 0'02 per cent, of glue prolongs the life of the gel. 

(14) Presence of free copper sulphate, or sodium hydrogen car- 
bonate, or carbonic acid in the mixture accelerates the change of 
the colloidal to the crystalline state, whereas normal sodium carbon- 
ate helps to maintain the colloidal coudition. 

(15) The dissolved basic copper sulphate is in the form of 
hydrosol. 

(16) The colloidal state of the precipitate appears to be conditional 
on the absorbed sodium carbonate. 

* (17) This absorbed sodium carbonate is found in the solution 

after some time, whereupon the change of the colloid to the crystal- 
line begins to be visible. 

(18) Changes in the sulphur content of the copper precipitate also 
take place during the change of the colloid to the crystalloid, 

(19) The crystalline precipitate contains less carbon dioxide than 
the colloid. The ratio of CuO: CO, in old crystalline precipitate is 
found to be 2'94:1. 

From the results obtained in this research it is apparent that the 
chemistry of "Bungundy mixture"’ is of a much more complex 
nature than previously suspected, and there are a number of ques 
tions which have to be further elucidated. The nature of the colloid 
solution and the conditions of its formation and change to the 
crystalline state await further investigations, and the influence pro- 
duced by small quantities of glue indicates the importance of making 
further experiments with similar colloids, 

Moxn Kickel Co. BnsEaacH Labobatoey. 

[Seceived, April 6(S, 1919 ) 



EXAsnNAirroiT or the baek op okoton 


OOBOtTGA. 923 


IX'LNm.— Examination of the Bark of Croton gubouga. 
Isolation of i-Hydroxyhygric A cid . 

By John Augustus Goodson and Hubert AVilliam Bentley 

Clewer. 

Crotm gubouga S. Moore, ioa .mall tree growing on the low veldt 
m the Eastern Transvaal near the Sabi and Selati rivers. The bark 
of the tree has a considerable local reputation among the natives as 
a ■■™edy for malaria, and both the seeds and the bark have been 
used by Captain Maberley in conjunction with opium in the treat 
ment of malarial fever (lancet, 1899, 157 , 874) 

A ProHmina^ examination of the ’bark ’and the seeds has been 
made by Mr. H. H. Green, B.Sc., in South Africa (private com- 
munication), who found that the ground bark caused p^gation and 
emesis m dogs, but that rabbits were l^s sensitive to Its action 
although m doses of 1 gram per kilogram of body-weight it induced 
dia^hoea^ In human beings administration of the bark according 
to Mr Green caus^ an intense burning sensation in the throat, 
salivatio^ and slight nausea, with, in some cases, a slight laxative 

® Mr. Green further 

obse^ed that the acnd substance to which these effects are ascribed 
IS ®teacted to some extent by hot water, and readily by ether, 
ini examined by Greenish (Pharm. J., 1918 

101, 289), who found that the acrid constituent was largely ex- 
acted by hot light petroleum as well as by ether, chloroform or 
alconoi. ’ 

f'»'«^tigation the authors are 
mdebted to Mr. I B. Pole Evans, Chief bf the Division of Botany, 
Union of South Africa. ^ 

The bark had a slight but not unpleasant odour. Dust from the 
„ ound bark caused sneezing and produced a burning sensation in 
hroat and on the tongue. It has not been possible to isolate 
the irritant properties of the bark 
th» « suitable for investigation, and it is possible that 
ahio T ^h'eh it is hoped to examine shortly, may prove more suit- 

acid ®Mefly with an 

acri proved to be a new optically 

active hydroxyhygric acid. ^ ■ 
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Preliminary Examination. 

When extracted with Prollius’ fluid the ground bark yielded a 
trace of alkaloid and furnished the following percentages of extract 
when exhausted in a Soxhlet apparatus with solvents in the otdei 
named: petroleum (b. p. 35 — 60°), 3; ether, 07; chloroforn, 
0'3; ethyl acetate, 08; alcohol, 4'3; total, 9'1. 

Petroleum Extract . — ^This extract, on treatment with ether, left 
only a trace of insoluble matter. The solution yielded only traces 
of material to aqueous solutions of ammonium and potassium car- 
bonates, but potassium hydroxide solution extracted a quantity of 
brown potassium salt, from which fatty acids (4), equivalent to 
21 per cent, of the original extract, were recovered. 

The solution left after the removal of the fatty acids contains the 
acrid constituent of the bark, but the authors have not yet been 
able bo isolate this in a condition suitable for investigation (coo- 
pare Greenish, loc. eit.). Hydrolysis, by alkalis, as described below, 
destroyed this acrid constituent. 

The neutral material was hydrolysed by boiling for one hour with 
potassium hydroxide in alcoholic solution, after which the solution 
was concentrated, mixed with water, and extracted with ether to 
remove unsaponifiable matter. This, amounting to 20 per cent, of 
the original extract, included only a trace of hydrocarbon, or higher 
aliphatic alcohol, and consisted of semi-solid matter, from which a 
phytosterol was isolated, which gave a well-marked Lieberraann 
reaction and on acetylation yielded a substance melting at 117°, 
probably a mixture of acetyl derivatives. 

The remaining alkaline liquid was acidified with sulphuric acid, 
and the mixture distilled in a current of steam, when a yield of 
about 3'4 per cent, of volatile acids was obtained. The distillate 
was dissolved in an excess 'of barium hydroxide solution, the excess 
of baryta removed by carbon dioxide, and the filtrate concentrated. 
On adding silver nitrate solution to this liquid, silver was immedi- 
ately precipitated ; moreover, the solution instantly decolorised per- 
manganate, indicating the presence of formic acid. On further 
concentration a quantity of a sparingly soluble barium salt sepa- 
rated. This was removed and convert^ into the acid, which was 
then dissolved in a slight excess of sodium hydroxide, and a silmr 
salt prepared : 

0'0413 gave 0 0178 Ag. Ag=43T. 

CgHisOoAg (silver n-octoate) requires Ag=43 0 per cent. 
The aqueous solution of the barium salts from which the 
described acid was separated still contained formic acid, an 
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order to r^ove it the solution was acidified, shaken with ether 
and the ethereal solution well washed with water In this ’ 
further quantity of ^id was obtained, which was’fractionalircon 
verted into silver salts and the five fractions obtained were ana- 


1. 01315 gave 0-0665 Ag. 

2. 0-1817 „ 0-0934 Ag. 

3. 0-1448 „ 0 0744 Ag. 

4. 0-0951 „ 0-0490 Ag. 

5. 0-0273 „ 0-0141 Ag. 


Ag=50-6. 

Ag=al-4. 

Ag=51-4. 

Ag=51-5. 

Ag=51-7. 


CjHgOoAg (silver valerate) requires Ag=51G jier cent. 

The volatile acids present in the plant appear, therefore, to 
include formic, valeric, and w-octoic acids 
The acid liquid which had been distilled in a current of steam 
was extracted with ether, and the dark-coloured residue digested 
twice with petroleum. This left undissolved a darfc-colLred 
amorphous, resinous substance. The solution when concentrated’ 
gave a 23 per cent, yield of fatty acids, which were mi.xed with the 
A per cent, of free acids (.1 ) previously obtained (see above) Tlie 
acids were converted into lead salts, which from their behaviour 

ap^ared to be a mixture of lead salts of saturated and unsaturated 
fatty acids. 

mitreoX ^^roct.-This consisted of a dark green resin, which on 
digestion ether left a quantity of a light coloured substance 
undissolved. This was almost insoluble in the usual organic sol- 
vents except pyridine, from a dilute solution in which it separated 
m microscopic crystals melting at about 250° and giving the Lieber- 
mann reaction, whence it appeared to be a phytosterolin. The 
ethereal solution was then extracted first with water, removing 
about 10 per cent, of the extract, and finally with potassium hydr! 
onde Mlution, which extracted 36 per cent, of acidic resin, leavinv 
neutral re.s.n ; none of these yielded any crystalline material. 
OToro/o™ and Tithyl Acetate A’lrtroofo.-These extracts con- 
amorphous resins. From the chlorofom extract there 
p ra e ^adually a fawn-coloured material, wliicli was not 
amed crystalline, nor could a crystalline acetyl derivative be 
prepared from it. 

e.xti-act ivas redissolved in alcohol and 
The I r ’ precipitated a quantity of a nearly black tar, 

precimTet treated with an e.xceas of basic lead acetate, the 

aad filtr f ^ removed from the precipitate 

Ponceutrat*^^ “Tv' Mrogen sulphide in the usual way. The 
ed liquid from the former gave a nearly black colour with 
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ferric chloride and contained tannin. The concentrated hltrate wjj 
evaporated to complete dryness, and finally digested on the water 
bath with nine successive portions of about 50 c.c. each of absolute 
alcohol to separate the large quantity of reducing sugars presejt 
Bach fraction was poured from the syrupy residue while hot, and 
when cold, again poured from a small amount of separated syrup 
which was returned to the larger bulk. Crystals separated fro„J 
each fraction when kept, but only a sm^ll quantity from the Iasi 
The whole amount of crystalline matter accumulated weighed about 
6 grams. This substance proved to be i-hydroxyhyyric add an 
optically active acid not previously described. 


Examination of the A cid. 

To obtain sufficient material for the identification of the add 
further quantities of tlie bark were extracted, when tlie following 
varying percentage yields were obtained : 0’41, 0'21, and 0’25 
amounting in all to 16'35 grams of crude acid. 

The product may be readily purified by boiling its solution in 
water with animal charcoal, rei>eatedly concentrating the filtrate 
under diminished pressure with additions of alcohol, until the pure 
acid separates from the hot solution in colourless needles or prisms, 
which contain varying amounts of water of crystallisation, thus: 

I. 0-1986 lost 0-0170 at 110°. H.O^S-Se. 

II. 0-2108 „ 0-0108 „ 110°. H20 = 5-13. 

Although tlie acid is very readily soluble in water it may be 
crystallised from that solvent. 7-05 Grams of substance were dis- 
solved in water, and the solution was concentrated until about 
4-5 grams of water remained. The solution was seeded and allowed 
to remain overnight, when r25 grams of the acid had separated in 
crystals, which appeared to be truncated prisms. These crystals, 
after being dried in the air, were found to contain one molecule of 
water : 

0-2035 lost 0-0220 at 110°. H 2 O = 10-8. 

CjHjjOjNjH-jO requires HjO^ll O per cent. 

I. 0-1324* gave 0-2402 CO 2 and 0-0938 H„0. C = 49-5;H=79. 

II. 0-1090 * „ 0-1976 CO 2 „ 0-0778 Hjb. C=49-5; H-d'O. 

0 1474 gave 12-6 c.c. N, at 17° and 746 mm. N = 9-7. 

CjHuOaN requires 0 = 49 - 6 ; H = 7-6; N = 9-7 per cent. 

Methoxyl estimation ; 0-1751 gaveno Agl. MeO=0. 

l^-Methyl estimation: 0-1751 „ 0-2430 Agl. NMe=li'2. 

C5H803N-OH3 requires NMe=20-0 per cent. 

* Dried at 105", 
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The aoid decomposes with effervescence at 242°, possesses little 
if any taste, is acid to litmus, but cannot be titrated, is not hygro- 
scopic, and is optically active. 

The specific rotatory power was determined in water of (u) a speci- 
men of the acid crystallised from alcohol and containing HjO^h'lS, 
and (ii) a specimen crystallised from water and containing 02 © = 
tO'8 per cent. ; 

((,) C = 4-9910, f=l-dcm., -4-02°; [o]„ -80-5° or [o]i, -84-9° 
for the anhydrous substance. 

(/,) c=5-2300, f = l-dem., Oj, -3-98°; [a]„ -76-2° or [oj^ -85-4° 
for the anhydrous substance. 

It gives a strong pyrrole reaction, and dissolves copper oxide with 
the formation of a copper salt. A quantity (0-2 gram) of the sub- 
stance was dissolved in water, and the solution boiled for several 
hours with an excess of powdered copper oxide, the excess of copper 
oxide filtered off, and the filtrate concentrated. Blue prisms sepa- 
rated, which were dried on a porous tile, washed with 70 per cent, 
alcohol, and dried in the air : 

0-1021 lost 0-0200 at 110°. H 20 = 19-6. 

Ci»H2oO(N,Cu, 4H20 requires H2O=17-0; CjjHsoOjNjCUjSHjO 
requires H 2 O = 20-4. 

0 0669 (anhydrous salt) gave 0 0146 CuO. Cu = 17-4. 

C,2H2,,0„N.2Cu requires Cu=18-1 per cent. 


Cmstitution of the Acid from Croton gubonga Bark. 

The evidence already gn-en indicates that the substance is a 
4-hydroxy-I-methylpyrrolidine-2-carboxylic acid (4-hydroxyhygric 
acid). Two such compounds have been synthesised by Leuchs and 
Felsei- {Ber., 1908, 41, 1726), namely, two optically inactive forms of 
4-hydroxy-l-niethylpyrrolidine 2. carboxylic acid. A comparison of 
the principal properties of these acids with that from C. guboui^a 
hark is given in the following table : 


Formula. 

Acid from Croton 


M. p. 

Keaction. 

Taste. 

bait C,H,,OjN 

a ■ 4 - Hydroxy - 1 - 
niefchylpyrrol- 
idme-2-carboxylic 

-85-4^ 

242'’ 

faintly 

acid. 

little or no 
taste. 

acid C,H,,0,N 

fe - 4 - Hydroxy - 1 - 
methylpyrrol 
idme-2-carboxyHc 

inactive. 

207-208“ 

neutral. 

marked 

sweet 

taste 

acid C,H„0,N 

inactive. 

226-227“ 

faintly 

acid. 

sweetish 

insipid 

tas^ 
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Comparison of tho specific rotations of the closely related pyrrol- 
idine derivatives indicates that in all probability this acid from 

Croton bark is 4-hydroxyhygric acid (y-hydroxy-3'-inethylproHiie)' 


OHg-CHj CHg-OH^ 

(JHj OH-COjH (JH^CH-COjH CH-CO 


N[I NMe NMef-O 

2-Prolinpi (natural) Tlygric acid; active ^Sfcachyd^itl^>(nat^^al' 
(Fischer), [a]u — 77'4*. form does not appear to [a]„ of hydrocWorid? 

have been isolated. —26*5® (Yoshimura 
and Trier), 


Ho*(*ir— cu,j 
UR. CH*CO,U 

\/ 

NH 

Mlydroxy prolino 
(Fischer), [o],.- 81- 1® 
(natural) (Leiichs 
and Brewster), 
[ab “7ti-:j® 
(synthetic). 


fIO*CH— CH^ 

ORg OR-COgH 

\/ 


NMe 


HO-CH— CH^ 
CH, CH'CO 


NMe.rO 


Formula suggested ^ ... . . 

for acid from Croton Betonicine Turicine 

hark, [o]t, —85*4“ hydrochloride, (naturaH, 
(natural). [o], — 24-79° hydrochloride 
(natural); [o],. +24-65*. 
hydrochloride, 

[a],. -24-r 
(synthetic). 


(Kfmg and Trier). 


Leuchs and Brewster {Ber., 1913, 46 , 986) have synthesised 
Miydroxyproline, and Kung (Zeilsch. 'phyml. Ckem., 1913, 85, 21i) 
on methylating this substance obtained a mixture of the betaines, 
betonicine and turicine. If, therefore, the acid from Oroian 
(fMhmya bark is in reality 4-hydroxyhygric acid it should in like 
manner, on methylatiou, give betonicine and turicine, Kiing’s 
method of methylation, with slight modificatioD, was adopted, and 
resulted in the production of a mixture of betonicine and turicine, 
thus proving the acid to be 4-hydroxyhygric acid. 

Kiing cii.) has jx)inted out that turicine and betonicine are 
not enantioraorphs. When Z-hydroxyproline or /-hydroxyhygric acid 
is methylated, using methyl iodide and alkali, it is probable that 
racemisation occurs and that one of the carbon atoms only, namely, 
that attached to the carboxyl group, is concerned in the racemisa 
tion. It will be interesting to see whether optically active hygric 
acid, which so far does not appear to have been obtained, and will 
only possess one asymmetric carbon atom, will yield on methylation 
two stereoisomeric betaines. 

It seemed possible that methylation of the hydroxyhygric acid 
might be accomplished without racemisation if the use of alkali were 
avoided, and so evidence might be secured as to which of the 
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betaines, betonicine or turicine, corresponds with Miydroxyproline 
and 4-liydroxyhygric acid. Tt was hoped that by passing hydrogen 
chloride into boiling methyl alcohol containing 4-hydroxyhygric acid 
the methyl ester would first be formed, and would pass into the 
corresponding betaine, thus : 

HO-CH— OH 2 HO-CH— 

ijHj CH-CO„H UH OH-OhJIc 

\/ ■ \/ - 

NMe NMe 


HD-CU— IJH,^ 
CHj (JH-UO 

\/ I ■ 

It is probable that the ester was formed, but was rapidly hydro- 
lysed, since on treating the hydrochloride with silver o-xide the 
original t-hydro-xyhygric acid was recovered unchanged. 


Mtthylalion of the Acid. 

A preliminary experiment was carried out, using 1 gram of the 
acid, which was dissolved in a mixture of 2 c.c. ol water and 20 o.o. 
of methyl alcohol. Five c.c. of a solution of 6 grains of potassium 
hydroxide in 100 c.c. of methyl alcohol, and a like quantity of a 
solution of methyl iodide in methyl alcohol (3 grams in 20 c.c.), 
were added alternately 1 c.c. at a time. As the solution remained 
alkaline, a further 5 c.c. of the methyl iodide solution were added, 
and the mixture boiled on a water-bath for half an hour. One c.c. 
of methyl iodide was then added and sufficient methyl-alcoholic 
potassium hydroxide to render the liquid alkaline. The solution 
was boiled for about twenty minutes and made alkaline, again 
l)oiled for five minutes and made alkaline, and the operation 
repeated until the alkalinity persisted. The alcohol was distilled 
off, the residue dissolved in water, the solution made slightly acid 
with hydrochloric acid, and boiled with excess of silver chloride. 
The silver iodide and excess of silver chloride were filtered off, and 
tile filtrate evapxirated to dryness under diminished pres.5ure. The 
residue was treated with absolute alcohol and again evaporated to 
(Iryiiess. The dry residue was extracted with five small quantities 
of boiling absolute alcohol; the first three of which removed all but 
traces of the hydrochlorides of the betaines. The alcohol was dis- 
tilled off and the rotation of the residue determined, using water as 
solvent (c = 6-4275, f = l-dcm., Oj, -i- 0-075=' ; [a]i, + 1-2°). 
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This result indicated that the methylation had proceeded as 
expected, and that a mixture of turicine and betonicine hydro 
chlorides in about erjnal amounts had been produced. 

Kting and Trier {Inc. cit.) pointed out the difficulty of sepa- 
rating turicine and betonicine by fractional crystallisation of their 
hydrochlorides, and recommended for this purpose the free baser. 
This the authors are able to confirm, since on dissolving the mixed 
hydrochlorides having [a]i, I- r2° in absolute alcohol, concentrating 
and allowing to crystallise, 0‘66/ gram of a mixture of rosettes of 
needles, and rosettes of plates was obtained which gave [a]„+3! 
(c = 3-335, l=l-dcm., +0-10°), and on further recrystallisatiou a 
mixture of crystals amounting to 0-456 gram and having [a]^ +5-0^ 
(c = 2-280, l = l'dem., 0-115°) was obtained. The various solii- 
tions were united, tSie alcohol was removed by distillation under 
diminished pressure, and the free bases were liberated by treating 
the aqueous solution with excess of silver oxide. The silver chlorirle 
and excess of silver oxide were filtered off, the filtrate was concen 
trated, absolute alcohol added, and the solution again concentrated, 
this operation being repeated until crystals separated out on cool- 
ing. 0-137 Gram of substance crystallised in long prisms, whicli 
liad a sweet taste, decomposed at 250° with frothing, and gave 
[o][, •t21-2° (c = 2-6400, l = l-dcm., -h0-58°). 

Five grams of tire acid were then methylated as described abo\e 
with slight modifications. The same proportions of methyl iodide, 
methyl-alcoholic potassium liydroxide and acid were used, but tlie 
solutions were more concentrated. The alcoholic solution of the 
mixed hydrochlorides from the extraction of the dried mixture of 
potassium chloride and betaine liydrochlorides was kept overmglit 
to separate as much potassium chloride as possible. ^ When the hydro- 
chlorides had been converted into bases by treating their aqupoiu 
solution with silver oxide and the silver chloride and undissolved 
excess of silver oxide removed by filtration, hydrogen sulphide was 
passed through the solution of the bases to remove any silver iii 
solution. The solution of the betaines was concentrated to low but- 
under diminished pressure, alcohol added, and the solution again 
concentrated; this operation was rejieated until crystallisation set 
in on cooling. From the mother liquor two further crops were 

obtained on concentration. ^ ^ 

Crop I consisted of nearly pure turicine, amounting to 1 i grams. 
The air-dried substance was examined polarimetrically in watei . 
c = 2-5330, f=l-dcm., On -f 0-87°; [a]i, h-34-3°. 

On recrystallisation until the optical rotation was constant, tlie 
value [a]n 4- 40-9° was obtained for the anhydrous substance. 
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Crop U weighed 1'2 grams and was a mixture : 

c = 2-5840, l = l-dcm., Oj, -0-48°; [a]„ -18'6“. 

Crop III, weighing 1'06 grams, was also a mixture: 

c = 2-6180, l=l-dcm., a„ -0-41°; [a]„ ~15'7°. 

Crops II and III were united, converted into liydroclilorides, dis- 
solved in absolute alcohol, and the solution was concentrated, when 
1-45 grams of nearly pure betonicine hydrochloride crystallised out ; 
c = 3-3765, Z=l-dcm., -0-75°; [a]„ -2t2°. 

As it was found difficult to remove all traces of potassium chloride 
from the betonicine hydrochloride, and it was not possible to obtain 
a, higher value than [a]i,-22-9° on recrystallising tliis particular 
specimen, a further methylation of the acid was tried with good 
results, using sodium hydroxide instead of potassium hydroxide; 
with this dilEerence, 3-9 grams of the acid were methylated as in 
tlie previous experiment; 1-2731 grains of crude turicine were 
obtained as a first crop : 

c = 6-3655, Z -l-dcui., -i-2-25'>; [ajj, -^35-3° for the anhydrous 
substance. 

Ilie bases in the mother liquor were converted into hydrochlorides, 
and crystallised from absolute alcohol; 1-322 grams of nearly pure 
Ijelonicine hydrochloride were obtained, having [a]„-22-7° 
6-6100, Z = l-dcra., -1-50°). This was recrystallised until its opti- 
cal rotation remained constant, tlie higlicst reading being 
[a]o -24-8° (c = 3-5900, Z = l-dcm., -0 89°). 

The bases in the mother liquor from the betonicine liydrocliloride 
([»][) -22-7°) were regenerated by treatment with silver oxide. On 
crystallisation from alcohol a further 0 4012 gram having 
[o]„+4-0° (c = 2'0060, Z=l-dcm., Oj,-i-0-08°) was obtained. 

The formation of a mixture of turicine and betonicine by the 
methylation of the acid from Croton- (/nboin/a hark leave.s no doubt 
that the acid is 4-hydi-oxyhygnc acid, as formulated on j). 928. 


Frope-rlits of Turicine. 

Turicine crystallises from alcohol in flat prisms containing one 
molecule of water of crystallisation, which it rapidly loses in a 
vacuum desiccator. It is neutral to litmus, is not hygroscopic, has 
a sweet taste, and gives an intense pyrrole reaction. The anhydrous 
substance decomposes with frothing at 260°, as did a specimen 
bindly supplied by Prof. A. Kiing; the decomposition point was not 
depressed on mixing the two specimens. The hydrated substance 
eommenced to melt at about 249°, but finally decomposed with 
frothing at 256°. Prof. Kiing’s specimen, and a mixture of the 
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two, behaved in the same way. (Found, H 2 O = 10 ' 59 . 
CjHjjOsN.HjO I'equires H 2 O = 10'17. Found, C = 52'7; H = 8 3 
CjHijOjN requires 0=528; H=8'2 percent.) 

The specific rotations of three specimens of the anhydrous sul) 
stance were determined in water : 

I c = l-8065, Z = l-dcm., Oj,+0-75°; [a]D+4V5°. 

11, c = l'3950, f = l.dcra., Oj, +0-57°; [o]b +40-9°. 

III. c = 2 0980, ( = l-dcm., Oj, +0-85°; [a]o +40'5o. 

Kiing and Trier give [a]p + 36’26° for the hydrated betaine (orip. 
spending with [o]j, + 40’4° for the anhydrous substance. 

Turidiu HydroMori/le . — Tliis was pre|>ared from the pure base. 
When crystallised rapidly from absolute alcohol it separated in 
needles, but when allowed to crystallise slowly, six-sided tablets 
were obtained. It is acid to litmus, and decomposes with frothitit; 
at 224°; Kiing and Trier give 222° and 223° as the melting and 
decomposing point. Its specific rotation was determined in water, 
(; = 2'8000, f=l-dcm., o„ ■t0'72°; [o]i, -b25'7°. Kting and Trier 
give [o]d -e 24'65°, and state that turicine is not hygroscopic, but the 
authors are of the opinion that it is slightly hygroscopic. 

Turicine aurichloride was obtained by adding g'old chloride solu- 
tion to a concentrated aqueous solution of turicine hydrochloride. 
The crystals, which separated rapidly, were collected, dissolved in 
hot water, and the solutinn was allowed to cool, when the double 
chloride crystallised in clusters of yellow prisms. The decomposition 
point was determined in the same bath with a specimen of turicine 
aurichloride kindly supplied by Prof. Kting, and a mixture of the 
two specimens; the decomposition with frothing occurred in each 
case at 230 — 232°. Kting and Trier give the melting and decom- 
jrosing jtoint as 232°. (Found, Au = 39'0; CjIIjjOjXjHAnCl 
requires Au = 39'5 jjer cent.) 

properties of Betonicirie,. 

The free base was obtained from the pure hydrochloride by treat- 
ing with silver oxide. It crystallises anhydrous from alcohol in 
short, four-sided, truncated pyramids, is more readily soluble m 
alcohol than turicine, has a sweet taste, is neutral to litmus, and 
gives an intense pyrrole reaction. Kting and Trier state that it is 
not hygroscopic, and that it melts and decomposes at 243—214'; 
the purest specimen obtained by the authors was slightly hygro 
scopic and decomposed with frothing at 252°. (Found, C=-52 / 
H = 8'5. CjHjsOsN requires C=52'8;H=8-2 per cent.) The .spreh 
rotation was determined in water; 

c=3-5U50, / = l-dcm., «„ - 1-23°; [ojp -S.rP. 
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Kiiii" and Trier give [a]j, -Se'B®. 

Betonicine hydrochloride crystallises from ahaolute alcohol in 
iiei’dlc-s or prisms, which, after drying at 105°, dcooiJipose with froth- 
iivi at 227°) ^ specimen supplied by Prof. Kiing, which was slightly 
coloured, after drying at 105°, decomposed with frothing at 224°; a 
uiixture of the two specimens decomposed at an intermediate teiii- 
[jeratiire. Kiing and Trier give the melting and decciiiposiiig point 

j,, 222 223°. The hydrochloride is not hygroscopic and is acid in 

reaction. The specific rotatory power was determined in water: 
c = 3-5900, l = l-dcm,, a„-0'89°; [a]„ -24-8°. 

Kiing and Trier give [a]j, -24'79° for natural betonicine hydro- 
chloride, and Kiing [a]j, -24'1° for his synthetic product, 

Betonicine Aurkhloride. — To a concentrated solution of beton- 
icine hydrochloride a solution of gold chloride was added. There 
was no immediate separation of crystals as in the case of tiiriciiio 
hydrochloride. The solution was accordingly concentrated and, on 
cooljnv, four-sided, yellow plates crystallised oiit. When redissolvcd 
ill hot water and kept, clusters of yellow tablets were obtained. The 
substance decompo,serl with frothing at 230—232°, the same teiii- 
jieratnreas a specimen supplied by Prof. Kiing, and a mixture of 
the two specimens also decomposed at this point. (Found, 
Au-39'3. CjHjijOjN.HAuCIj requires Au^SO o per cent.) 

The authors desire to take this ni)[)ortuiuly of thanking Prof. 
Kiing for liis kindness in supplying them with siwcimens of tnricine^ 
'nnicine aurichloride, betonicine liydrochloride, and betonicine ann- 
chlotide for comparison. 

Weixco.me CHBMICJt, Ekskabch Labok.aioriks, 

London, E.C. 1. [Rceca'cd, Jtdy 1919.] 


FjX.^IX, — llarmine and Harmaline. Part HI. 

By WinniAM Henky Peukin, jun., and Roiieiit Robinson. 

A- 1912 the present authors, having located in the harmine molecule 
a methyl gro^p similarly situated to that in quinaldine, suggested 
that the alkaloid contains a fused ring system comprising a benr.ene, 
pyrrole, and pyridine nucleus, and coiistrnctcd a constitntiunal 
foniiula (T., 101, 1775) wliicli satisfied the requireiiicnls of the 
l:icts then known. Tlii-s expression (1) was discarded by 0. Fischer 
filer., 1911, 47, 99) in favour of the formula It on account of his 
VOr, cxv. M M 
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discovery that hantiinic acid * may be oxidised by nitric acid in j 
sealed tube with the formation of isonicotinic acid (HI), and tlii; 
observation was held to lie inconsistent with the assumption itiajf 
in I that there is an imino-group attached to the pyridine ring ; 


Me 


/\/\/ 
iJeOII 1 Im 
\/\/ 


;nh 


(T.) 


NH 


Meo/N/^/ 

I I 1m 

\/\/^ 

Me 

(II.) 


As the result of a further examination of derivatives of lianniiio 
ao(| liarmaline we are now convinced that neitlier of these formiilj 
is correct, and, after a careful reconsideratioji of the whole subject 
have deduced fresh expressions which it is believed are more satis- 
factory representations of the chemistry of these bases. The ar^ni- 
nieut which has been developed may be presented in tlie following 
sections. 


The Uinfj HyHem of Harmine and its iJmvutUH'ff, 

Harmiiie, CjsHj^ONg, coutains a methyl and a niethoxyl groiip 
and may be written Ci^H^N^Me'CMe, and is therefore a derivativs 
of a substance, CnIIgNj- -Although the methoxyl and methyl 
grouj)s have been separately eliminated with the production of com- 
pbunds called hannan and norharmine respectively, the paieiit, 
C^H^Nd, which might be called norharmany has not yet been pre- 
pared. Now hannaline, which is dihydroharmiue, yields ?/i-nilr(v 
anisic acid (IV) on oxidati<m with nitric acid (0. Fischer and 
Boesler, Ber., 1912, 45, 1934), whilst the production of hsonicolinic 
acid has already been referred to above. The existence of both 
benzene and pyridine nuclei in uorharinaii is therefore certain, and 
on inspection of the composition, it will be seen that there is no 
alternative to the theory that this substance must contain a benzene, 
pyridine, and pyrrole nucleus fused together as are the benzene 
nuclei in anthracene or phenantlirene. So much was already 
recognised, and in addition that the benzene nucleus occupies a ter- 
minal jmsition in the system, a fact which follows from the cou- 
sideratiou of the relation of harminic acid to harmine. It 

* This acid is obtained from liarmiiio by oxidation, with chromic acid 
(0. Fischer and E. Tauber, Bcr., 1885, 18, 403). 
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jjjy to recall these points in order to develop the present discus- 
sion. 

When a compound containing a fused ring system is energetically 
„5i(iised, it is usual to be able to recognise, in the proriuct, residual 
nroups which are derived from the nucleus destroyed by the oxida- 
(joii and are situated at both the points of fusion of the original 
jings. Yet, ill the degradation of harmine, this rule is not fol- 
lowed in the two cases which have been already mentioned, namely, 
tlie production of nitroanisic acid from harmaline (or nitrohaima- 
Ime) and tliat of isonicotinic acid from harmiuic acid. Ju both these 
reactions one of the positions of ring fusion is repre.sented by a 
hydrogen atom in the oxidation product. It will Im necessary to 
assume the possihilities shown under A or il below, and these are 
dearly the only alternatives: 


0 


0 I 



A. 


CO.,H 

A 

\/ 

N 

(III.) 


C 



N0,/Nc02H 

(IV.) 


/\/^ 


111 attempting to make a choice from these alternatives, neither 
if which is quite in accord with previous experience, we have been 
jiiided by two main considerations. The first is tliat the conditions 
)f elimination of carbon from direct union with aromatic nuclei are 
liiich better understood than those governing the similar removal 
3f nitrogen, and whereas experimental and other evidence is not 
h present available to enable us to refute the alternative B, we 
3re on jnuch firmer ground in regard to J, whicli wc consider is 
opposed to experience. 0. Fischer suggested that a iiitromethoxy- 
plitlialic acid is the intermediate product in the oxidation of har- 
fidiiie, and tliat tin's loses carbon dioxide with the formation of 
liti'oanisic acid. The supposed intermediate product does not, 
•owever, ap|)ear to have been isolated, and we can finil no record 
^ the literature of an analogous reaction in v/liich a phtlialic acid 
‘i- all similarly constituted loses one of its carboxyl groups under 
waparable conditions. Jn the production of isouicotinic acid 
dieme .[ makes it necessary t-o assume the elimination of carbon 

mm2 
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aUaclied to tlie ^-position in a pyridine nucleus, whilst that in t||j, 
■/■position remains in the form of a carboxyl group. When it i, 
remembered that, of the three pyridinemonocarboxylic acids, it j, 
only nicotinic acid which requires to be heated with soda-lime in 
order to convert it into pyridine, and, further, that quinolinic aiml 
and cinchomeronic acid both yield nicotinic acid on being stroimiv 
heated, it will be realised how relatively firm is the attachment cl 
carbon to the 0-position. It is consequently very improbable fioin 
this point of view that a pyridine derivative convertible hitc 
isouicotinio acid by a simple oxidation process can have a carbon 
atom attached to the 0-position. The second argument in favour 
of the assumption that these degradations involve the elimination 
of nitrogen, and not of carbon, from direct combination with the 
surviving nuclei, is that we have obtained experimental indications 
that the benzene nucleus of a harmine derivative is actually dircctlv 
attached to a nitrogen atom. Tetrahydroharmine, CjsHkON.,, con- 
denses with diazobenz.enesulphonic acid with the formation of a 
sparingly soluble, crystalline, orange - yellow azo - coiiipoma), 
(’jjHjjONj'No’CjHj'SOnH, wbicli dyes silk yellow from an acid 
bath, behaves as an indicator, and undergoes changes with acid iml 
alkali closely resembling those characteristic of methyl-orange. Coin. 
parison with a large number of azo-derivatives of various tjpp 
derived from diazobenzenesulphonic acid and such seiiond eon:- 
ponents as dihydroberberiiie, anhydrocryptophie, 0-dialkylaitiiiii!- 
crotonic esters, 0-diketones, pyrrole, a- and 0-methyliiid(ile and 
indole, showed that the change from yellow to crimson is exhibited 
only by the true benzeneazobenzene derivatives. It would therefore 
appear that tetrahydroharmine is an aniline derivative with a fnt 
para-position, and naturally the argument applies to all the hasei 
of the group so far as it throws light on their nuclear st.ructiiie. 
We are therefore compelled to accept this surprising elimination in 
a nitric acid oxidation of a side-chain connnencing with a nitrogcti 
atom, and in attempting to form an idea as to the possible median- 
ism of the reaction the clue seems to be given by the oxidation of 
phenylhydrazine with the production of benzene. Possibly, tic 
imino-group of harmine becomes converted into the nitroamiiio- or 
nitrosoamino-group, and one of these becomes reduced by readil' 
oxidisable groups produced in the course of the reaction, so that, at 
a certain stage, the condition is reached at which nitrogen is 
eliminated and hydrogen replaces the whole side-chain. Acceptnu 
scheme B and its implications, it is quite clear that if hmuii"*’ 
contains no carbon attached to its pyridine nucleus in the 0 iicn 
tioii, this nucleus cannot be fuseil with a benzene ring and liiiimii*' 
cannot be a derivative of quinoline or isoquinoliue. Tiie older o 
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fusion of rings is, then, benzene-pyrrole-pyridine, and the methyl 
trroup must be in tlie pyridine nucleus. Further, the only possible 
formula; for harmine, bearing in mind the formation of nitroanisic 
acid from harmaline, are the following: 


/\— 


MeO! 




\/\/ 

Nfl Me 

(V.) 


MeO! 



MeO! 


Nil Me 
(VI.) 



In V the methyl group is in the y-position in the pyridine ring, 
and this is inconsistent with tlie behaviour of harmine, which, as 
ive have already stated, closely re.senibles quinaldine in its reac- 
tions. It shows the quinopht!ia,lone reaction and condenses with 
henzaldehyde to benzylideneliarniine, a styryl derivative, which 
may he oxidised to norharminecarbosylic acid (T., 1912, 101, 
1781). The latter gives a red coloration with ferrous sulphate, and 
easily loses carbon dio.xide, on healing in glycerol, with the fonn- 
alioii of norharmine. Wo therefore reject the structure V, and 
oiiiisider harmine must be either VI or VII, and since these differ 
only in the position attrihnled to Ihe methyl group, the constitu- 
tion of norharmine is deterinined ami is shown in VIIT : 



IS II 
(Vlll.) 


The Consliliilinii oj Unnnhie. 

Tlie decision between forimilse Vf and VIT for harmine is a diffi- 
cult one, and cannot at present he made with precision, but there 
are strong indications which cause us to much prefer the former 
alternative. A glance at the structure of norharmine will show 
tliat it is a species of rioquiiioline in which indole takes the place 
of benzene. Alkaloids of the tsoquinoline group are known which 
contain a methyl group in their pyridine or reduced pyridine rings, 
and of the.se corydaline has been most completely investigated. The 
methyl group in VI is in the position which an analogy to coryda- 
line ivould suggest. Further light is thrown on the problem by the 
study of the oxidation of A-methyltetrahydroliarmine, and some 
preliminary remarks must be made in regard to the constitution 
of this substance. Harmine or harmaline, by reduction in acid or 
alkaline solution, yields the same tetrahydroharmine as the end- 
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product, and up to the present no more highly hydrogenated deriv. 
ative has been obtained. The reduction of metho-salts of har- 
maline produces a methyltetrahydroharmine, and this is the true 
iV-methyl derivative of tetraliydroharmine because the latter is 
converted into the methyl hydrogen sulphate of the former by 
treatment with methyl sulphate (see p. 961). Evidently, the four 
hydrogen atoms which may be added to harmine and some of its 
derivatives always assume the same positions in the molecule, and 
this is clearly due to the hydrogenation of the pyridine nudens 
leaving the indole nucleus intact. It is well known that indoles are 
exceedingly difficult to reduce, and the fact that harmine yield; 
only a tetrahydro-derivative is to he regarded as evidence confrni- 
ing our view of the nature- of its fundamental structure. Tetra- 
hydroharmine is shown in IX, and it is desirable at this stage to 
consider whether or no a substance of this constitution would couple 
with diazonium salts in the way which is so characteristic of tin, 
Iraae (see ]). 93G). It might well be thought that a dialkylindole 
would not he reactive on account of tlic conjugation of the nitrogen 
in the indole ring, and for comparison we prepared a pure speti 
men of 2 : .I-dimethylindole by repeated ireatment of the cnidf 
substance with pdimethylaminohenzaldehyde in warjii alcoliiilii- 
hydrochloric acid solution. The product was (juite free from ethyl- 
indole, and gave no pine shaving reac-tion and no culoiatioii will) 
y>diinethylamiuobenzaldehyde in aqueous-alcoholic hydrochloric 
acid solution. In dilute acetic acid it condensed witli diazobeiizcM- 
sulphcnic acid with the production of an orange-red cazo-compouiid. 
In the case of TX there is also a methoxyl group iir Uie ortho-posi- 
tion to the point of entry of the azo-group, and this is a oircuiii- 
stance whicli is well known to facilitate the coupling and to enhance 
the halochromic phenomena of the product. Obviously formula IX 
represents a substance wliich should behave towards chazo-salts as 
tetrahytli’oharmine actually doe?: 
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A curious analogy between tetrahydroharmine and 2 : 3-dimethyl- 
indole is shown by the colour reactions with ;>dimethylaminobeiiz- 
aldehyde and aqueous-alcoholic hydrochloric acid on heating. The 
dimethylindole slowly develops a pale blue colour, which fades to 
pale greenish-yellow on cooling the solution, and the alternation of 
colours on heating and cooling can be made as often as desired. 
Tetrahydroharmine behaves entirely similarly except that the hot 
liquid is bluish-pink and the cold solution yellow. 

Returning to the question of the position of the methyl group in 
liarmine, A''-methyltetraliydroharmine will be X or XI according as 
harmine is taken as VI or VII respectively. On oxidation with 
potassium permanganate in acetone solution tliis base, C, 4 H„ON„ 
is partly converted into a neutral substance melting at 228°, which 
has the composition end clearly the newlv acquired 

oxygen atom forms part of a carbonyl group whicli by direct union 
with the basic nitrogen neutralises its salhforming character. At the 
same time the oxidation has removed a carbon atom, most probably 
originally in the form of a methyl group. This substance (m. p. 
228°) was recovered uncliaiiged after heating at 100° with phos- 
phorus pentacliloride and phosphorvl chloride, altliongli a (dear solu- 
tion was obtained. On the basis of fovmul.a Xl for .T-mpthvltetra- 
liydroliarmiiie. all possible striictnre.s for the n.xidafion product will 
contain either the grouping •NTI’CO- or •(TI.eC'O-. and in eitlier 
rase a reaction willi pliosphorns peiitocldoride would he anticipated. 
Assuming formula X, however, it is imssilrle to construct two 
expressions (XII and XTII) for tlie oom|iourid (ui. p. ‘22S''’), wliicli 
are in harmony witli its composition and other properties: 


/\ 


CH, 


M.O! 


CH, 

XMc 


N 1 1 CO 
(XII.) 


CO 



NH CHMe 
(XIII.) 


The evidence, just mentioned, is not quite conclusive, since the 
apparent failure to react with phosphorus peritaddoride may liavc 
been due to the ready hydrolysis of the chloro-derivative hy water, 
but, so far as it goes, it favours formula VI for harmine, and we 
bave therefore provisionally adopted this expression. It follows 
•bat harminic acid and ffj?oharniine must he represented hy XIV 


roji 

CO,H 




NH Mo 
(XIV.) 


NH .\lo 
(XV.) 
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and XV res[)ectively, and since harminic acid is no longer to lie 
regarded as a pyridine-o/S-dicarlroxylic acid, the elimination on 
heating of both carboxyl groups becomes explicable. 


The, Constitution of Hnrmaline. 


Since harmaline may he oxidised to harmine (Fritzsche, Annahn^ 
1848, 64 , 365; 0. Fischer, Ber., 1889, 22 , 640) and reduced to 
tetrahydroharmine, it is to be regarded as dihydroharmine, and tlif 
most probable constitutional formula; for the base are shown in 
XVI and XVIT. Tlie available evidence does not all point in one 
direction, hut, on the balance, we favour the structure XVI as 
being the better summary of -the relations and properties of tie 


base; 

Meo' 


\. 




Vtla 

(XVI.) 


— CH^ 


McOl 


NH 

(XVII.) 


OH Me/ 


/XII 


In support of the exprossiou XVI the following considerations 
may be noted inter nhn. 

(1) The harmaline methn-salts, for example, the metho/diloriilp 
(see p. 9.52), arc quaternary salts and give no precipitate on tip 
addition of ammonia to their aqueous solutions. 

(2) The fact that harmaline occurs in the seeds of Pfjjnmm 
harmnia in an optic.ally inactive condition is consistent with ii 
formula like XVI, which contains no asymmetric carbon atom, 
whilst, on the other hand, a base haviitg the constitution XVll. 
which implies the possibility of the existence of enantiomoriiliip 
modifications, would most probably occur in a plant in an optipidly 
active condition. 

(3) Harmaline shows a tendency to form additive products, for 
example, with hydroxylamine. (0. Fischer, Her., 1914, 47 , 10a) 
and with hydrogen cyanide (Fritzsche, Annalen, 1848, 68, 351; 
1849, 72 , 307). ' The product of the latter process, cyanodiliydro- 
harmaline, is a base, and the whole reaction is reminiscent ci 
that between cotarniiiium or hydrastinium salts and potassmm 
cyanide. Like cyanohydrocotarnine, cyanodihydroharmaline is 
resolved into its components on warming with a mineral acid. The 
ketimlno type structure of XVI furnishes an explanation of these 
additive reactions. 

(4) The oxidation of tetrahydroharmine with production of liar- 
maline (see below) is more readily understood with the aid of the 
formula XVI than with XVII, 
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The more important arguments in favour of XVII are tlie fol- 
lowing : 

(1) Hirrmaline forms an acetyl derivative and an V-metliyl deriv- 
iiUve closely resembling the parent base. 

(2) Harmaline condenses with diazonium salts with formation of 
l.isazo-coinpounds (0. Fischer and W. Boesler, Her., 1912, 45, 
1930). On the assumption tiiat XVIT is correct, this behaviour is 
e.vplicable since one point of coupling would be in the benzene ring 
,13 in the case of tebrahydroharmine, whilst the second jxiint of 
attack is in the group •CHiCII'NH-, which is contained as such or 
ill a homologous form in many non-beiizenoid substances whicli form 
azo derivatives on treatment with diazonium salts. 

(3) The possibility of migration of the ethylene linking may be 
held to discount to some extent the arguments 1 and 2 advanced in 
sup[>ort of formula XVI. 

A formula for harmaline must be groundeii on a knowledge of the 
constitution of harraine, and until the position of the methyl group 
ill the latter is known with a greater approach to certainty it is 
impossible to be quite sure that there is no alternative to the sug- 
gestions which have been discussed. 

Harmaline forms a normal metbosulphate which is readily o.xi- 
dised by potassium permanganate in acetone solution (see p. 960), 
yielding the substance (m. p. 228°) mentioned above as the oxida- 
tion product of V-niethyltelrahydroharmine. There is therefore 
an interdependence between the constitutions assumed for liarma- 
line and' for the substance melting at 228°. Formula XVI for 
liarmaline corresponds with XII for the oxidation product, whilst 
XIII for this substance and XVII for harmaline are similarly 
related. 


Methylharmine. 

It has been tacitly assumed that the basic nitrogen of liariuiiio 
is that which is contained in the pyridine nucleus, and the basis of 
this theory may now be more jiarticularly stated. Harraine closely 
resembles carbazole in constitution, and the nitrogen atom of 
farbazole is almost devoid of basic character, so that the similarly 
situated nitrogen of the imino-group of harmine should also lack 
salt-forming character, Tliis point of view is supported by the fact 
that harmine is similar to carbazole in the degree of reactivity of 
its benzene nucleus and by the correspondence in properties between 
tetrahydroliannine and a dialkyliudole. Again, the nietho-salts of 
harmine are quaternary salts, so that tliey can scarcely have been 
lonned by addition to an imino-group, and these salts exhibit the 



942 


PERKIN AND ROBINSON ; 


same fluorescence in aqueous solution as a liarmine salt. Finally, 
^V-acetyltetrahydroharmine is not a base. 

Accordingly, if liarmine is Vt, liarmine methosulphate (p. 351), 
which is typical of the harmine metho-salts, must be representcl 
by the formula XVIII: 



NHMe 

(XVIII.) 


An aqueous solution of this salt gives no precipitate witli 
ammonia or even with very dilute sodium hydroxide, but, on tlic 
addition of more sodium hydroxide, a yellow, chalky precipitate is 
obtained, and thisappears tohavetheconipositioii C[4H]jON2,.3H20, 
and is probably the quaternary ammonium hydroxide corresponding 
with XVIII with two molecules of water of crystallisation. By 
heating at 100° this hydrated material is changed into methyl- 
harmine melting at 209° (compare 0. Fischer, Her., 1897, 30 , 2482), 
The salts of this substance with acids are identical with the corre- 
sponding metho-salts of harmine, and it is reconverted into the 
ammonium hydroxide by boiling with water. There are three 
possible ways of repre3eiitin,g the elimination of water from harniiiie 
inethohydroxide with the formation of methyl harmine. In the 
first place a group, iNlCHj, might be formed, but this would result 
in an unusual type of quinquevalent nitrogen, and if this were the 
true explanation the loss of water from methylpyridinium hydr 
oxides and methylqiiinolinium hydroxides with the formation ol 
methylpyridines and methylquinolines might be anticipated. The 
second view might be that the C-methyl group is involved, 
•C(CH 3 );NMe(OH)-, being changed into •C(:OH„)-NMe-. This 
possibility is excluded by the observation (p. 951) that norharmrae 
methosulphate on decomposition with hot aqueous sodium hydr- 
oxide yields a methyliiorliarmine entirely resembling methylhar- 
mine. The third and only remaining alternative quite free from 
objection is that water is eliminated by the combination of the 
hydroxyl of the quaternary ammonium hydro.xide and the hydrogen 
of the imino-group in the pyrrole nucleus. Tins leads to t e 
formula; XIX and XX for methylnorharmiue and metliylharinnip 


respectively : 


N 

(XIX.) 


- A 

N JIc 
(XX.) 
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These formulae are based on a conception of the nature of aroma- 
lic types which is comparable to that expressed in the Kekulc 
beiisene formula, and it is on this account that the arrangement of 
(he valencies appears somewhat unusual and the close relation with 
harraine is obscured. If, however, the symijols 



It 

1|/\h 

o 

N 

U 


^'i — -’'l — 

Nil H 


;,io employed for beiiaeno, pyridine, pyrrole, and glyoxaline respec- 
tively, the corresponding expressions for harmine and inethylhar- 
inine are XXI and XXII, and it will he seen that the difference 
between the ring-systems is almost confined to the function of the 
nitrogen atoms. The thickened lines in all these formulae represent 
j ses<|ui-valeucy and the dotted loops attached to the nitrogen atoms 
indicate that a partial use for nuclear conjugation has been made 
of the latent valencies, 

NH Me N Me 

() O 

(XXI.) (XXII,) 

Oil geutly warming with sulphuric acid, methylharxuine is sul- 
plioiiated and an extremely sparingly soluble, colourless substance, 
Cj,Hi^O,N3, is precipitated on the addition of water. In view of 
tbe fact that inethylharmiue may be regenerated by prolonged 
boiling with dilute hydrochloric acid, this comjwund may be the 
anhydride of harmine methohydroxide d'-siilphonic acid. A similar 
pale yellow, sparingly soluble substance, is obtained 

by warming harmaline methochloride with com^ntrated sulphuric 
arid and pouniig the solution into water. The sulplionic group 
may also be in the benzene nucleus, and the matter is being further 
investigated. 


Th S//nthesis of Harmine and Harmaline in the Plant. 

One of the strongest arguments in favour of the main outlines 
‘^1 the views which have been developed above is that, unlike the 
older formula, the new expressions contain a ring-system which is 
r^elated to that of an important and widely distributed amino-acid, 
■laaiely^ tryptophan. The actual starting point is, however, not 

J) M 2* 
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showed the presence of two methoxyl groups, so that the additional 
carbon atom is moat probably derived from the methyl alcohol used 
as solvent, and this was confirmed by the fact that when ethyl, 
alcoholic potassium hydroxide was employed in the reaction a new 
substance, CijHjBOaNj, was obtained. Unfortunately, the latter 
compound could not be crystallised, but the analytical results were 
sufficiently satisfactory to establish the point at issue. The base 
(m. p. 129°) is produced in our view in accordance with the follow- 
ing scheme: 

^ CH, CH, 

Nil CHMe 

+ KS0,Me 


MeOl 


MeOl,^^'\ ^"s^/NMej ’OMe 
NH CHMe 




■ MeOl 


,CH,/CH2-NMej i 

ClIMe-OMe or MeO: 


-CHe’CHj’OMe 
CHMe-NMe, ■ 


NH 


NH 


The fact that ethers of this kind are readily formed has been 
demonstrated by M. Scboltz (Bcr., 1913, 46, 2138), who found that 
aldehydes react with 2-methylindole in alcoholic solution in the 
presence of sodium hydroxide with the formation of substances nl 
the type 

OEt-CHR-C<p^l>NH. 


E X P E R I M K N T A L. , 

Harmhie jlfelho-snlts. 

Hanniiie Meiho^dphate. CjsHi.ONo.MfeSO^.— This derivative is 
readily prepared by rubbing liarmine (1 gram) into a paste with 
methyl sulphate (1 e.c.), leaving for twenty-four hours, and then 
dissolving the solid product in boiling methyl alcohol. On coding, 
the methosulpbate separates as a pale yellowish-green, crystalline 
mass, and, after repeated recrystallisation, is obtained almoet 
■colourless. In preparing larger quantities, a good plan is to cow 
the finely powdered harmine with benzene, and, after adding tif 
methyl sulphate, to heat on the steam-bath, when combination taies 
place rapidly and is complete in half an hour. The product is 
washed with benzene by the aid of the pump and drained on porou 
porcelain. A specimen, which had been crystallised from water 
and left exposed to the air until dry, yielded the following analyti- 
a&l results: 
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0-1288 lost 0-112 at 100 °. 

, 0 - 1176 gave 0'2316 CO, and 0-0580 H,0. C=63-7; H=5-3. 
Cj 3 H, 20 N 2 ,Me 28 04 , 3 H 20 contains H 20 = 9'6 per cent, and 
Ci 3 H] 5 t)N,,Me 2 S 04 requires C=53’3; H=5'3 per cent. 
Harmine methosulphate melts at about 220° and is readily soluble 
in bot -water, from which it separates as a voluminous mass of 
needles; it is also readily soluble in boiling methyl alcohol, but 
much less so in the cold. The aqueous solution is not precipitated 
by ammonia, hut sodium hydroxide gives at once a voluminous, 
yellow, crystalline precipitate of the hydrated ammonium hydroxide 
(see p. 948). 

Harmine Methiodide, CuHijONj.Mel. — This substance, first pre- 
pared by 0. Fischer and E. Tauber {Her., 1885, 18, 402) by the 
direct addition of methyl iodide to harmine, is conveniently ob- 
tained in the following manner. Harmine methosulphate (5 grams) 
dissolved in boiling water (150 c.c.) is mixed with boiling dilute 
potassium iodide (5 grams), when an immediate voluminous, almost 
colourless precipitate separates; this is collected and crystallised 
from alcohol, from -which it separates in needles. AVhen rapidly 
heated it darkens at 290° and melts at 305 -307° to a black mass. 

Harmine MethoMoride, C, 3 H|,ON,,MeCI.— This characteristic 
derivative is obtained when harmine methiodide, ground into a 
paste with much hot water, is digested on the steam-bath with a 
considerable excess of freshly prepared silver chloride. After filter- 
ing, the nearly colourless filtrate is concentrated and left overnight, 
when the liquid becomes filled with a mass of very pale yellow, 
needles which exhibit a slight green fiuorescence. The air-dry 
substance gave the following- analytical results: 

T4307, heated at 100°, lost 0-2769. H .20 = 19-4, 

■»0-1234 gave 0-2905 CO, and 0-0631 H.,0. 0 = 64-2; H = 5-7. 
C, 3 H, 20 N 2 ,MeCl, 4 H ,0 t’ontains H,0=21-5 .and CijHi.ONj.MeCl 
requires C = 64-0; H = 3-7 per cent. 

Harmine methochloride, when rapidly heated, scarcely darkens 
at 280° and melts at about 305° with effervescence to a black froth; 
it is rather sparingly soluble in boiling methyl alcohol and separates 
well in colourless groups of slender, prismatic needles. Its aqueous 
solution fluoresces blue and resembles the methosulphate in its 
behaviour with ammonia and sodium hydroxide. 

Methylharmine (Formula XX or XXII), 

This substance, first prepared by 0. Fischer (/ter., 1897, 30, 
2482) from harmine methiodide by treatment with potassium hydr- 


* Driefl at. 100^. 
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oxide, is described as a colourless substance which melts at 209“ 
crystallises from benzene in needles, and rapidly absorbs carbon 
dioxide from the air. We have prepared methylharmine from 
harmine methosulphate and methochloride by the action of sodium 
hydroxide. The aqueous solution of either of these derivatives 
gives a voluminous, yellow precipitate on the addition of sodium 
hydroxide in the cold, and this is readily soluble in hot water and 
separates, on cooling slowly, in long, very pale yellow needles. After 
twice crystallising from water, the substance was left for three 
days exposed to the air and then analysed : 

I. 1T407, heated at 100°, lost 0-1999. HjO = 17-5. 

0-1033 gave 0-2350 CO, and 0-0668 UjO. C = 62-0; H = 7-2. 

requires H,0 = 19-3; 0 = 60 0; H = 7-l per cent. 

II. Two specimens, heated at 100° until constant, gave the follow- 
ing analytical results:. 

0-1172 gaveO-3181 CO^ and 0-0649 H,0. C = 74-0; H = 6-2, 
0-1286 „ 0-3506 CO, „ 0-0715 H,0. C=74-3; E = 6-3. 

CjjHnON, requires C=74-3; H = 6-2 per cent. 

It is clear that the substance precipitated from harmine mctlio- 
sulphate or methochloride hy sodium hydroxide is a hydrate of the 
probable composition, C,,H„ON,,3II,0, and that this loses all its 
-water at 100°, leaving pure methylharmine which, as stated liy 
Fischer, melts at 209°. The following experiment supports tlit 
view that the hydrate crystallised from -water is harmine metbo- 
liydroxide with 211,0. When the hydrate is exposed over sulplim-ic 
acid in a vacuum desiccator it rapidly loses 2H,0 and the last ]!>0 
with much greater difficulty. Thus a specimen which had been 
exposed in tlie desiccator for six hours yielded C = 69-0; lI = 6-(; 
aft.ei' twenty-four hours it contained C = 70-8; H = 6-4, and after 
two days C = 71'5; 11 = 6-2, whereas C, 411,40112,11,0 requires 
0 = 68 8; H = 6-4 per cent. 

Exposure to the air did not in our experience lead to the forma- 
tion of carbonate as suggested by 0. Fischer, since, after seven days 
exposure, there was no effervescence on the addition of hydrocldoric 
acid. Also analytical results are recorded above for air-dried 
material, and these were apparently not vitiated by absorption of 
carbon dioxide. Methylharmine hydrochloride is obtained as a 
sparingly soluble precipitate when the above hydrate is mixed with 
dilute hydrochloric acid. It crystallises from boiling dilute hydro- 
chloric acid as a voluminous mass of needles, melts and decomposes 
at 305°, and is identical with harmine methochloride. (Found, 
C = 64-l; H = 5-8. C„H„ON2,HCl requires C = 64-0; H=5-7 per 
cent.) 
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Methjttarmme M ethosulphaU, C„H„0N„,Me,-,S04.-Met,!iylhar 
mine reacts with methyl sulphate with the evolution of much heat 
and, in pre^nng the methosulphate, it is necessary either to 
employ small quantities of material or to use a diluent such as 
benzene. When methylharmine (1 gram) i., rubbed with methyl 
sulphate (1 C.C.), a stiff, chalky paste is soon formed and after 
remaining overnight, the product is recrystallised from methyl 
alcohol, in which the methosulphate is unusually sparingly soluble 
and from which it separates as a voluminous mass of colourless 
needles : 

0-1107 gave 0-2221 COj and 0-0580 H^O. C:-.54-7 ■ H=,5-8 
CuHuON 2 ,Me 2 SO^ requires C=54-6; H=5-7 per cent.' 

Methylharmine methosulphate is readily soluble in water and 
both the aqueous and methyl-alooholic solutions, especially when 
dilute, exhibit a beautiful, pure blue fluorescence. It s^arates 
from a concentrated aqueous solution in felted needles. The solu 
tiouin acetic acid gives, on the addition of sulphuric acid, a vcllow 
liquid with a striking green fluorescence reminiscent of tliat of 
alkaline fluorescein; after a time the yellow colour and the fluores- 
cence disapnear, and the addition of a drop of dilute nitric acid 
produces a reddish-violet coloration. In concentrated sulphuric 
acid a similar fluorescent solution is obtained, and, on gently warm- 
ing, this very rapidly fades and a colourless solution with violet 
fluorescence results. On the addition of water an extremely spar- 
ingly soluble precipitate consisting of colourless, satiny needles is, 
formed. This substance contains sulpimr, hut differs from the 
siilphmiic derivatives described on pp. 9.50, 953 in not heiim 
affwted by aqueous sodium hydroxide even on hoilinv. Tlie 
aqueous solution of the methosulphate is coloured yellow by potass- 
ium hydroxide, and, on heating to boiling, the yeilow colour dis- 
appears, and if cooled much of the methosulphate separates un- 
clianged. If, however, the boiling is continued for some time, ,a 
substance separates on cooling which appears to he the correspond- 
ing ammonium hydroxide. This was collected and dissolved iu a 
arge excess of boiling dilute hydrochloric acid, from which rnethyl- 
hanmnt methochloride, C„H„ON,,MeCl, separated as a volumiii- 
ous mass of colourles:!; needles: 

0-1108 gave 0-2G31 CO, and 0-0616 11,0. C = 64'8; H = 6-2. 
C, 4 Hi 40 N 2 ,MeCl requires C = G5-1; H=t 6-7 per cent. 

becomes yellow at 270° and melts at about 
-85 with effervescence to a reddish-brown syrup. The aqueous 
so u ion exhibits a fine blue fluorescence and becomes yellow on the 
* ( ion of ammonia or sodium hydroxide, but no precipitate sepa- 
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rates. When, however, the aqueous solution, rendered strongly 
alkaline by sodium hydroxide, is boiled and concentrated, it deposits 
a pale yellow, crystalline precipitate, which dissolves in dilute 
hydrochloric acid with regeneration of the methochloride. 


Harmine Methohydroxide, Sulphonic Anhydride, 

/\ 


MeOl 


'k 




/\/\/ 

N Me 

I 

SO, 


NMe 
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On one occasion, in preparing harmine methosulphate at 100° in 
an open vessel, it was noticed that instead of the expected product a 
very sparingly soluble, colourless substance was formed, and this 
result was traced to hydrolysis of the methyl sulphate aud foma- 
tlon of sulphuric acid, which even under these conditions resdilj 
sulphonated the harmine methosulphate. It was then found that 
the same substance could be obtained by treating methylhannine is 
acetic, anhydride with a few drops of sulphuric acid and by warm. 
iug harmine methosulphate with concentrated sulphuric acid. A 
theoretical yi^ld was obtained in the following manner. Harmine 
(5 grams) was finely powdered and heated during an hour on the 
steam-bath with toluene (20 c.c.) and methyl sulphate (15 c.c,), 
concentrated sulphuric acid (10 c.c.) was then added and the heat 
iug continued during half an hour. After the addition of water 
the precipitate was collected and dissolved in dilute sodium hydr- 
oxide. The filtered solution was difuted to 2000 c.c., heated to 
boiling, and acidified by the adrlition of hydrochloric acid. Almost 
immediately the substance crystallised from the solution in colour- 
less, microscopic needles, which were collected, washed with hot 
water, and dried at 100° : 

OT301 gaveO-2629 CO, and 0-0545 H,0. C = 55-l; H=4-7. 

0-1272 „ 0 0958 BaSOj. S = 10-3. 

C, 4 H] 404 N,S requires C=54-9; H=4-6; 8 = 10 5 per cent. 

This compound is very sparingly soluble in organic solvents and 
in water. It dissolves to some extent in boiling dilute liydrochlonc 
acid and separates on cooling in an unchanged condition. Its solu- 
tion in concentrated sulphuric acid is colourless, and exhibits a 
bluish-violet fluorescence. It is readily soluble in aqueous sodium 
hydroxide to a yellow, solution, from which acids precipitate the 
original substance, but it is not attacked by cold sodium carbonate. 
A small quantity was boiled with dilute hydrochloric acid during 
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fourteen successive working days, when it was noticed that the 
amount which had separated, on cooling overnight, became smaller 
and smaller. On the addition of sodium hydroxide a precipitate 
was obtained, and this was collected and crystallised from benzene, 
when pale yellow needles of methylharmine melting at 209° were 
obtained. It is also possible to hydrolyse the substance with the 
formation of hannine. It slowly dissolved in boiling glycerol, and 
on pouring the solution into water only a small amount of insoluble 
material remained in suspension. The filtered liquid was mixed 
with sodium hydroxide, the precipitate collected and crystallised 
from alcohol. The colourless needles so obtained melted at 256° 
alone or when mixed with a specimen of pure hannine. 


MethylnoTharmine. (Formula XIX). 

Norhannine (2 grams) (Perkin and Robinson, T., 1912, 101, 
1186) was dissolved in the minimum quantity of boiling benzene 
and methyl sulphate (5 c.c.) added to the solution, which was not 
aiain heated. The methosulphate soon separated as an oil, which 
later crystallised, and after leaving overnight the benzene was 
decanted and the solid washed with ether and then dissolved in 
water. The colourless solution exhibited blue fluorescence, and on 
tlie addition of an excess of sodium hydroxide a yellow, chalky 
precipitate was obtained. This was collected, dried in a vacuum 
desiccator over phosphoric oxide, and crystallised from dry benzene. 
The very pale yellow, flat needles melted at 195 — 196° with slight 
previous softening; 

0 1049 gave 0 2832 CO.^ and 0 0549 H,0. C = 73'6; H = 5-8. 

C13H12ON2 requires C=73'6; H=5'7 per cent. 

Uethylnorharmine is moderately readily soluble in alcohol, but 
sparingly so in benzene; it also dissolves in boiling water and crys- 
tallises on cooling, probably as norharmine methohydroxide. It has 
a great superficial resemblance to luethylharmine, and dissolves in 
sulphuric acid to a similar yellow solution with bright green fluores- 
cence. Its .solutions in dilute aqueous acids exhibit a blue 
fluorescence. 


Uartnaline Metho-salts. 

Harmaline Methosvlpluite, C]3HnON2,Me2SOj. — Harmaline com- 
bines more energetically with methyl sulphate than does hannine, 
and the methosulphate is readily prepared by rubbing harmaline 
(1 gram) with methyl sulphate (1 c.c.), when, even with such small 
quantities, a considerable rise of temperature will be observed. 
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After a few hours the yellow mass is crystallised from metlyi 
alcohol, from which the inethosulphate separates in yellow needles, 
and the mother liquor, on the addition of ether, gives a further 
crop of the same substance. Larger quantities are best prepared, 
in almost quantitative yield, under the following conditions. Finely 
powdered and sieved harmaline (30 grams) is covered with benzene 
(50 c.c.) and mixed with methyl sulphate (30 c.c.), when there is 
no immediate development of heat, but, on keeping, the tempera- 
ture gradually rises to about 40^. After remaining for two days, 
the crystalline maes is collected, washed with benzene, and drained 
on porous porcelain ; it is then pure enough for many purposes : 

0-4332 gave 0-2989 BaS04. S = 9-4. 

C]3H]40N2,Me2S04 requires 8 = 9 4 per cent. 

IlannoUne methonulphate shrinks at 160° and melts at about 
170 — 172° to a deep yellow liquid; it is readily soluble in water or 
alcohol. The addition of sodium hydroxide to the cold Concen- 
trated aqueous solution gives a viscid, orange-red precipitate which, 
when washed free from alkali and boiled with water, becomes yellow 
and crystalline, and this substance appears to be nearly pure 
methylharmaliue (compare 0. Fischer, Fer., 1897, 30, 2484; 1914, 
47, 102). The boiling aqueous solution of the methosulplmte gives, 
oil the addition of potassium iodide, an immediate yellow, crystal- 
line precipitate of the methiodide, Cj3Hj40N2,MeI. Tliis metiicd 
of preparation yields at once the pure methiodide, and is therefore 
to be preferred to the direct combination of harmaline with methyl 
iodide, since hy this latter process dimethylharmaline iodide is alec 
produced (0. Fischer, Her., 1914, 47, 104). 

Jlannnline Methochl&ride, (lj3Hj40N2,MeCl,4H20. — This suh- 
staiice is readily prepared by digesting a paste of harmaline irictli- 
iodide and much water with an excess of silver chloride on the 
steam-bath for a couple of hours and filtering. The filtrate is con- 
centrated and allowed to cool slowly, when the metliochloriile 
separates as a crust of pale yellow, glistening prisms with a faint- 
green lustre : 

*1 0380 lost 0-2223 in the steam-oven, H50 = 2r6. 

tO-1323 gave 0-3097 COj and 0-0786 HjO. C = 63-9; H = 6-6- 

C,3Hi40N2,MeCI,4H20 contains H20 = 21-4 and CisnHONj.MeCl 
requires C = 63-5; H = 6-4 per cent. 

Harmaline methochloride begins to decompose at 260“ and melii 
at about 278° with vigorous effervescence to a reddish-brown froth 
It is very readily soluble in hot water or acetic acid, sparingly so 
in alcohol, and almost insoluble in boiling acetone. The aqiieoos 

\ Dried at 100°. 


Air-dry. 
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solution is not precipitated by ammonia, and tlie bearing of this 
observation on the constitution of harmaline has been referred to 
0,1 p. 940. Sodium hydroxide decomposes the salt in aqueous solu- 
tion and produces an orange-red, viscid mass, which, when washed 
and boiled with water, becomes yellow and crystalline and doubtless 
consists of methylharmaline (see above). 

The cold aqueous solution of the mcthochloride instantly decolor- 
ises permanganate. 

Harmaline Methohydroside Stdpliunie Anhydride, 



When finely divided harmaline mcthochloride is mixed with con- 
centrated sulphuric acid, it dissolves to an orange-red solution with 
vigorous evolution of hydrogen chloride. If, after heating on the 
steam-bath for five minutes, water is added, a substance gradually 
separates as a voluminous mass of pale lemon-yellow needles. The 
compound is extremely sparingly soluble in water, but may be 
crj’stallised from much boiling water and obtained in long, lemon- 
yellow needles which become opaque and chalky in the steam-oven. 
It contains sulphur: 

O'lOSO gave 0-2108 CO, and 0-0494 H.p. C = 54-7; n = 5-2. 

Ci 4 H|c 04 N,,S requires C = 54-5; H=5-2 per cent. 

This substance is almost insoluble even in boiling acetic acid, it 
does not melt and scarcely shows any sign of decomposition at 
300°. It is not soluble in cold aqueous sodium carbonate, but dis- 
solves on the addition of a drop of sodium hydroxide to a yellow 
solution, and is precipitated unchanged by hydrochloric acid. 


Kediiction of Hurimdine Mellwmlphate, or the. Me.lhochloride : 

Funmition of Methyltefrahydroharmine. 

In tlie first of these reductions, harmaline raethosulpliatc 
(.1 grams), dissolved in dilute sulphuric acid, was reduced in a 
porcelain beaker fitted with a mechanical stirrer with 8 per cent, 
^^odium amalgam (200 grams), when the colour of the solution 
gradually faded and the process was completed hy heating on the 
steam-bath. The filtered liquid, rendered alkaline by the addition 
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of sodium hydroxide, yielded a gummy mass, which soon hardened 
and the solution in boiling methyl alcohol deposited, on cooliug an^] 
stirring vigorously, a mass of glistening plates which, after recrvs- 
tallisation, melted at 174 — 176°. This substance has the forniula 
(Found, C:^72-8; H=8-0; N=12'I. 
requires C— 73'1; H = 7'8; N=12'2 per cent.), ^nd is evidentlv 
identical with the methyldihydroharmaline which 0. Fisclier (^Ber. 
1914, 47 , 103) obtained from methylharmaline hydrochloride bv 
reducing in amyl-alcoholic solution with sodium. In the second 
experiment, which appears to give the purer product, harmaline 
methochloride (5 grams), dissolved in water (300 c.c.) and hydro- 
chloric acid (50 c.c.), was reduced on the steam-bath by the rapid 
addition of 3 per cent, sodium amalgam (250 grams). The yellow 
colour of the methochloride solution rapidly disappeared, and, on 
adding sodium hydroxide and crystalli^fing tlie solid base from 
methyl alcohol, a crust of colourless prisms of methyltetrahydro- 
harmine was obtained which melted directly at 176°. 

Mtthylutrahydroharmine Methosulp^Mte, Cj 4 HjgON^,Me 2 S 04 .-- 
When methyltetrahydroharinine (2 gram.s) is mixed with metliyl 
sulphate (3 c.c.) it dissolves with considerable rise of temperature 
and the clear syrup suddenly crystallises. A rather better yield is 
obtained if the base is covered with benzene before mixing with 
methyl sulphate (see ]). 946), when a syrup separates which rapidly 
crystallises. 

The product is thetj recrystallised from methyl alcohol, in whicli 
it is readily soluble and from which it separates as a hard crust of 
well-developed, colourless prisms * : 

0T049 gave 0*2054 CO. and 0*0655 HA C = 53*4; H = 6*9. 

0-1181 „ 0-2327 CO 2 „ 0*0688 H.O. 0=53*7; H=6-5. 

OjjjH 2405N2S requires C = o4-0; H = 6'7 per cent. 

This metliosulphate melts at about 188° witliout effervesceuc;* 
and is readily soluble in water, yielding a solution which has an 
extremely bitter taste. 

Crystals of methyltetraliydroharmine inethosulphate were kindly 
exajnined by Miss M. W. Porter, who finds that they are inojjo- 
clinic with rt:6~0*738, ^ — 96°55^ The crystals are of a stout, 

* A considerable amount of methosulphato remains in the mother liquuis 
and, if the methyl alcohol is removed by distillation from the steam-batli! 
most of this decomposes and is converted into a tar. 

The best plan is to expose the mother liquor over sulphuriR acid in 
a vacuum desiccator, when a hard crust gradually separates mixed with some 
tar; the latter can bo removed by mbbing with cold methyl alcohol and 
leaving in contact with porous porcelain. 
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prismatic habit, aa ahown in Fig. 1, and e.\hibit the forms i(OlO), 
,,,(110), and c(OOl). The faces were somewhat curved. Follow- 
ing are the means of the two angles measured: ,„ (azimuth) 
^ 3047 /^ (‘(polar distance) = 6°55^ 


Kia. I. 



iioMethylictrahi/droharmitic Methohifdro.ddc Methyl jithfr^ 


CH, 


MeOl 


k 


I 


. ^ (^) 

NH OHMe-UaMo 


This substance, wliich is evidently identical witii that obtained 
by 0. Fischer (Ber.y 1914, 47, 104) from the product of the action 
of methyl iodide on methyltstrahydroharmiuc by decomposition 
with methyl-alcoholic potassium hydroxide (compare p. 946), is 
readily prepared in the following manner: Methyltetraliydrohar- 
mine methosulphate (1 gram), dissolved in a little boiling methyl 
alcohol, is mixed with methyl-alcoholic potassium hydroxide (10 c.c. 
of 25 per cent.) and boiled for half an hour. Most of the methyl 
■alcohol is then evaporated under reduced pressure and water added, 
when an oil separates which soon crystallises. The substance is 
readily purified by recrystallisation from ether, when it separates as 
a mass of colourless needles or from a mixture of benzene and light 
petroleujii, from which it ci’ystallises in flat needles. In view of the 
fact that this substance appeared to have a coinjmsition different 
Irom that (Cif^H 2202 H 2 ) assigned to it by 0. Fischer (I oc. cit., com' 
pare p. 945), it became necessary to carry out several analyses. 
The following were made with three different preparations, the first 
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two having been twice recrystallised from ether and the third from 
benzene and light petroleum in addition ; 

T. 0 1 067 gave 0-2733 CX)^ and 0-0840 HjO. 0 = 69 8; H=-8-7, 
0-2093 „ 18-7 c.c. Nj at 11'5® and 732 mm. N = 10-2. 

II. 0-1059 „ 0-2705 OOj and 0-0829 H,0. 0 = 69 7; H = 87 

in. 0-1214 „ 0-3102 COj „ 0-0953 Iljb. 0 = 69-7; H = 87 
requires 0 = 69-6; H=8-7; N = 10-l per cent. 

„ 0=68-7; H=8-4; N = 10-7 „ 

Tlie analytical results given by O. Fischer are 0 = 69-1 and 69 !j. 
H = 8-78 and 8-67; andN = 10-81. 

A methoxyl determination by Zeisel’s method yielded the follow- 
ing result: 

0-2865 gave 0-4790 Agl. MeO = 22-l. 

CjjHjjOjNj, containing 2MeO, requires MeO = 22-4 per cent. 

moMetkyhetrahydroharmine methohydroxide methyl ether melts 
at 128 — 129° and is readily soluble in alcohol, acetone, or benzene, 
but sparingly so in water, ether, or light petroleum. It crystallises 
from dilute methyl alcohol in large, colourless plates or from miicli 
light petroleum in groups of flat needles. When it is heated in 
small quantities it distils with only slight decomposition, but, under 
10 mm. pressure, it passes over without residue as a colourless syrup 
which, when rubbed, solidifies completely. After washing witli 
ether on porous porcelain, the colourless, crystalline mass melted at 
121 — 126° and the admixture with the original substance at 
123 — 126°, showing that no change, such as elimination of water, 
had taken place during the distillation. 

isoMethyltetrahydroharmine Methohydroxide Ethyl Etlifr, 
— 111 order to confirm the composition given for tie 
jiroduct of the action of methyl alcohol on methyltetrahydroliarmiiie 
methosulphate, the latter substance (1 gram) was digested witl 
ethyl-alcoholic potassium hydroxide (10 c.c. of 20 per cent.) tni- 
an hour. On adding water, a viscid, ochreou.s precipitate separated, 
which was extracted with ether, and the ethereal solution, after 
thoroughly washing and drying over irotassium carbonate, concen- 
trated and left in the ice-chest for a week, but nothing separated. 

Tlie ether was then allowed to evaimrate slowly over siilpliiinc 
acid, when a pasty mass of crystals remained, which was left ja 
contact with porous porcelain until quite dry and hard. As all 
attempts to recrystallise this substance were unsuccessful, it "'“a 
dried over phosphoric o.xide and analysed : 

0-1399 gave 0-3614 CO^ and 0-1116 H.p. C = 70-4; H=8-8, 
CijIL^OjN,, requires 0 = 70 3; H = 9-0 per cent. 
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When treated with hydrochloric acid and then with potassium 
iodide, this substance yields a hydrochloride, C, 5 Hj„ 0 N,,HCl, and 
hydriodide, CjjHooONjiHI (m. p. 290 — 296°), identical with, those 
produced under the same conditions from isomethyltetrahydrohar- 
mine niethohydroxide methyl ether (see below). 


Dell tidroxsaniethyltetrahjdrohar mine ifetliohydrojide, 

CH, 

/\ /\cH 

J I I I ® I (^) nr I'oli/meriile. 
^^\/\/\ NMe, 

NH oh:ch. 


The h/drocHnride, C,jH 2 (|ON 2 ,HC!, of tills base is obtained when 
nometbyltetrahydroharmine methohydroxide methyl ether is 
treated with dilute hydrochloric acid. The methyl ether dissolves 
in cold dilute hydrochloric acid, and almost iimnediately the solu- 
tion clouds and a caseous substance separates, which .soon hardens. 
This curious salt melts under hot water, dissolves to a jnile violet 
sohitiou, and the addition of liydroeliloric acid causes a very pale 
hliie, apparently cry.stalline, pieci])itate to separate, which was 
follected, washed with dilute liydroeliloric acid, and dried on porous 
porcelain over solid potassium hydroxide .ami then in the ste.ani- 
oven : 

gave 0'211.5 CO,, and 0 0707 ILO. C = fi.T S; TT = 7 (!. 

Oj 5 H.)||ON.„HCI requires (' — Gf'2: li--7'5 per cent, 

This liydnxdiloride is readily soluble ill water, hut spariiigly so 
in dilute hydrochloric acid; the aqueous solution gives on the addi- 
tion of platiiiic chloride a pale brown pirecipitate, which on warm- 
iiio heccimes black, and witli auric chloride a drab precipitate which 
hecomes violet on heating owing to the separation of metallic gold. 
When ammonia is added to the solution of the hydrochloride a 
nearly colourless jelly separates, which is evidently the free 
(Ieli)'dro-ba.se (see below). 

The Hydriodide, C,,.,H,„ON 2 ,HI.— Tlie methyl ether dissolves in 
dilute sulphuric acid at 40°, and, on keeping, the .solution clouds 
and deposits .a caseous preeipitat" of the sulphate, which gradually 
becomes crystalline. 

This was collected, dissolved in warn: water, and mLxeil with 
potassium iodide, when a sparingly soluble, amorphous precipitate 
feparated, which also became crystalline on warming. After wash- 
ing well and drying in the steam-oven, this hydriodide was ana- 
lysed: 
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0'1089 gave 0’1954 CO 2 and 0'0567 HjO. C=49 0; H = 5'8. 
Ci 5 H 2 (|ON 2 ,HI requires C=48'7 ; H = B'6 per cent. 

On heating in a capillary tube this iodide remains nearly colour- 
less until 250°, then gradually becomes brown, and melts at about 
290 — 295° with vigorous decomposition to a black froth. 

Deliydroi&omethyJtctrnJiydraharmine me.lhohydraxide was ob. 
tained by rubbing the hydriodide to a fine paste with a large excess 
of dilute ammonia, and, after re-maining overnight, the ochreom 
precipitate was collected and digested at about C0° ivith a further 
quantity of dilute ammonia, the process being repeated until no 
more iodine was removed. The pale ochrcous precipitate was col 
lected, thoroughly washed with dilute ammonia, and dried first in 
a desiccator over pbospboric o.vide and tlien in the steam-oven : 

0-1184 gave 0-3182 CO, and 0-0874 14,0. 0=73-3 ; K=8-3, 
CjeHcdON, requires 0 = 73-8; 11 = 8-2 per cent. 

This curious substance does not melt, and indeed scarcely (In-beiis, 
at 300°; it dissolves very readily in methyl alcohol, and is pi-ccipi- 
tated as a pale oohreons |)reoi]>itate on the addition of ether,, but it 
has not so far been iwssible to obtain it in a definitely ci-ystalliiit 
condition. 

Boiling with dilute hydrochloric acid converts it into a sparin»lv 
soluble hydrochloride; it dissolves, however, readily in warm glacial 
acetic acid, yielding a colourless solution which is not precipitateil 
hy water. On the addition of ammonia, a colloidal solution is 
obtained which, on boiling, deposits a flocculent, gelatinous pre 
cipitate consisting apjiarently of the dehydro-base. 

The Mttlionidplmle and the Methiotlide, CjjHouONj.MeT.— TI k 
solution of j.somethyltetrahydroharmine methohydroxide iiietbyl 
ether (1 gram) in heuzene (5 c.c.) gives, on the addition of methyl 
sulphate (1 c.c,), a cloudy liquid: there is considerable development 
of heat, and a gum separates which is evidently the methosulphate 
of the dehydro-hase. The benzene was decanted, the gum washed 
with ether, dissolved in hot water and mixed with potassium iodide, 
when a jelly separated which, on warming, became granular: 

0-1147 gave 0-2097 CO, and 0-0601 H,0. C=49-9; H = 5-8, 
C,,;H,„ON 3 ,MeI requires C = 49-8'; H = 5-9 per cent. 

This methiodide does not darken until 260°, and melts at about 
290 — 292° with effervescence to a black froth. 

The methosulphate behaves in a remarkable manner when its 
solution in methyl alcohol is boiled with methyl-alcoholic potassium 
hydroxide. 

Trimethylamine is eliminated but with difficulty, and, on adding 
water, a milky liquid is produced which gradually deposits a con- 
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,derab e rather viec d preop, tate. Thie was eolleeted and found 
to be almost msoluble m the usual organic solvents and after it 
had been boded with methyl alcohol, ether, benzene and finallv 
acetone, a grey mass remained which was exactly similar to india 
rubber in appearance and many it its properties 
It was resilient like rubber, frothed up on' heating to a high 
temperature, and was quite insoluble in acetic or dilute hydZ 
ohlonc acid. o^uiu- 

Tiiere can be little doubt that this mass is a polymeric modifica- 
tion of the dmnyl derivative; uunca 

— [CHrcii, 

Nil 

but the siihstance was not furtlier investigated 


OMUim of Uelhylteirohydrohonmne and „j UarmaUne .Vct/i„. 
mlphafe: Formolion of Kf.lo\%ononnellniUitrahmhuhcirmii,f 

CH, 

'“'xAA/fau 

NH t;o 


In studying the oxidation of motliyltetraliydroharmiiie, the base 
(o grams), dissolved in acetone (250 c.c.), was gradually treated 
with very finely powdered permanganate (11 grams) at -10°. 

hen the decolorisation of the perinangaiiate, which took place' 
very slowly, was complete the product was fdtered, tlie manvanese 
precipitate thoroughly washed with acetone (.1), e.xtracted” with 
boding water, and tlie dark brown extract concentrated. On 
neutralising witli acetic acid, precipitating with lead acetate, and 
decomposing the small amount of lead salt with hydrogen sulphide, 
only 0-5 gram of a dark, resinous acid was obtained, from which 
nothing crystalline could be isolated. The acetone filtrate (.1) was 
concentrated considerably and allowed to remain in the ice^ihest, 
Wien a heavy, crystalline precipitate rapidly separated, which was 
collected and washed with methyl alcohol, in which it is almost 
insoluble. 

The substance dissolves in much boiling acetone and separates, on 
cooling, in glistening, pale lemon-yellow needles : 

0T012 gave 0-2498 CO 2 and O'OSoS HjO. C=67-3 H = 61. 

01113 „ 0-2769 CO, „ 0-0619 H^O. C = 67-S; H=6-l. 

0^13TI]402N2 requires 0=67-8; H = 6-l per cent. 
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Ketoisonormethi/UetraJiydroharmine melts at 228° and is spat, 
ingly soluble in the usual organic solvents. It does not dissolve in 
dilute mineral acids, and its solution in glacial acetic acid is pre- 
cipitated by water. Concentrated sulphuric acid dissolves the sub. 
stance readily to a yellowish-brown solution, but, even after heatino 
on the steam-bath for some minutes, water precipitates much in. 
changed substance. It is insoluble in cold concentrated hydro- 
chloric acid, but when boiled with the acid it partly dissolves and a 
crystalline substance separates, which appears to he the hydro- 
chloride and is immediately dissociated on the addition of water. 
It is also insoluble in aqueous alkalis and in cold methyl-alcoliolir 
potassium hydroxide, but it dissolves in the latter on boiling ami 
crystallises unchanged when the solution is cooled. 

Behaviour of Ketoisanormethi/hefrahiidroharmine with Ptim. 
phori/l Ghioride. and rentaehloride . — That this substance is not 
readily attacked by these reagents is sliown by the following experi- 
ment. 

When the substance (1 gram) is warmed with phosphoni 
cliloride (t'5) it is converted into a voluminous, yellow mass com 
sisting probably of the hydrochloride, and if powdered phosplinrus 
peiitachluride is now adiled and the whole healed on the steam-bath 
a clear liquid is produced. 

After iieating for fifteen niimites the yellow liquid was poured on 
powdered ice, when a dcej> orange, viscid precipitate separaleil, 
which was collected, drained on jxsious porcelain, and nibbeil with 
cold methyl alcohol. 

This removes the viscid impurity and leaves a pale oclimra! 
powder, which, after contact with porous ]X)rcelain and again wisli- 
ing with methyl alcohol, weighed 0'6 gram, melted at 22.1 328", 
and consisted of unchanged substance. 

If the experiment is conducted at a higher temperature tlian 
that of the steam-bath some profound change occurs, but the matter 
has not been further investigated. 

Oridation of Tlurnudine Melhosul /dtate, — This msthosiilphate is 
somewhat sparingly soluble in acetone, even on boiling, and sepa- 
rates in short, well-developed, glistening prisms with bevelled 
edges. For the purpose of oxidation, the methosulphate (1'5 grams) 
was dissolved in the least possible quantity of boiling water, mixed 
with acetone (40 c.c.), and cooled to - 10°, during which some ot tlie 
methosulphate separated in a very finely divided condition. Pow- 
dered permanganate (2'3 grams) was then gradually added, and so 
soon as oxidation was complete the whole was filtered and the pre- 
cipitate, which yields only a trace of acid on extraction with wafer 
and acidifying, washed thoroughly with warm acetone. On conceii- 
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tiatiiig the acetone extract on the steam-bath, a crystalline mass 
^ 0'4 gram) separated which, after recrystalhsatioii from acetone, 
melted at 227° and consisted of ketoKonormcthyltetrahydroliar- 
Iiiiiie. (Found, C-BT'O; Il = 6'l. CijHyOjN, rajiiires U^GT’S; 
11 = 61 percent.) 


, lieiuction «/ Jfarmaliiie to 'telrahijdnhannine. 

Tetrahydroharmiue, C^HuON^ (m. p. 199°), was first prepared 
|)y 0. Fischer (iter., 1889, 22 , 637) by the reduction either of 
liarmine or harmaline in alcoholic solution by sodium and later 
{l]rr., 1897, 30 , 2484) in isoamyl alcohol solution by sodium. We 
Jnd that it may be readily prepared by the following simple pro- 
cess: Harmaline (5 grams), dissolved in water (100 c.c.) and hydro- 
clilorio acid (20 c.c.), is heated to boiling and then sodium amal- 
gam (300 grams of 3 pec cent.) added in three portions, togetlier 
with further small quantities of hydrochloric acid, so that the 
liquid is always strongly acid. Ihe deep yellow colour of tho 
liamialiiie hydrochloride gradually disappears and the solution at 
the end is almost colourless. On cooling, the sparingly soluble 
hydrochloride of tetraliydroliarrnine separates in colourless crusts, 
and this is collected, dissolved in liot wafer, precipitated by uni- 
inoiiia, aud the base crystallised from methyl alcohol, from which 
it separates in bundles of needles melting at 198 -199°. (Found, 
C="2'3; H = 7'6. CjjHiuOh^ requires C = 72'2; II = 7'4 per cent.) 
\ further quantity may he obtained from the original motiier 
liquors of the hydrochloride, and the total yield is about 90 per 
cent, of that theoretically possible. 

O.(idation of Telrahydroharmint to Uarmaline - In this experi- 
ment tetrahydroharmine (3 grams), dissolved in acetone (ISO c.c.), 
was cooled to —10° and then oxidised by the gradual addition of 
very finely powdered joermanganaie (4 grams). The oxidation takes 
place very gradually, and as soon as the permanganate has been com- 
pletely decolorised, the whole is filtered and the acetone filtrate con- 
centrated to a small bulk, when a mass of cry.stals separates which 
melt at 245° and consist of harmaline, as a mixed melting point and 
careful compari.son of properlie.s clearly demonstrated. (Found, 
C=73'2; H = 6'6. C, 3 Hj 40 N 2 requires C = 72'9j H=6'6 per cent.) 


Coincrslon of T etmh j/droluirmiiw into UtUnjiteinihi/drohai mint 
(m. p. 176°). 

The iiictliylation of tetraliydroharniiue takes place readily under 
the following conditions : Tetrahydroha«nine (3 grams), suspended 
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in benzene (10 c.c.), is stirred with methyl sulphate (3 c.c.), causing 
a considerable rise of temperature and separation of a syrup wliif], 
consists mainly of the methyl hydrogen sulphate of methyltctra. 
hydroharmine. 

After twenty-four hours the benzene is decanted, the syrup 
rubbed and washed with ether, during which it becomes verv 
viscid and stringy, but does not crystallise. This syrup, wliicli 
contains some tetrahydroharmine methyl hydrogen sulphate or sul 
phate, was dissolved in water, in which it is very soluble, and niixerl 
with ammoni.a, when a syrup separated which gradually crystal- 
lised. This was collected, dissolved in boiling methyl alcolml 
cooled, and vigorously stirred, causing aii appreciable amount ([ihonl 
0 3 gram) of tetrahydroiiarmiiie to separate, which was removed hv 
filtration. 

The filtrate was allowed to evaporate and the residual pale, brown 
syrup rubbed with a few drops of methyl alcohol, when it soon 
began to crystallise and, after remaining in contact with jwroiis 
porcelain and recrystallisation .first from benzene and then from 
methyl alcohol, a colourless mass of needles was obtained whick 
melted at 174 — 176°, and consisted of methyltetrahydrohaniiiiip, 
(Found: C = 73'3; H = 7'9. CirlljgONo requires C = 73’l; H-7'8 
per cent.). 


The Behaviour of Harmine Dcrivutiree n’ith Diuzoiiium Salts. 

Harmiiie, harmine melhosulphate, metliylhariiiine, methylliar- 
mine methosulphate, methylharininesnlphonic acid, norharmine, 
and methylnorharmine do not react with henzenediazonium 
chloride, p-nitrobenzenediazoiiium chloride, or diazohenzenesnl- 
phonic acid in aqueous acid, alkaline, or neutral solution. 0. 
Fischer and Boesler (loc. at.) have shown that harmaline forms 
bisazo-derivatives, and for the sake of comparison with p-nitro- 
benzeneazotetrahydroharmine wo prepared the condensation pro- 
ducts from harmaline and harmaline methochloride with p-nitro- 
henzeuediazonium chloride in dilute acetic acid solution in the 
presence of sodium acetate. Harmaline gave a dark chocolate- 
brown precipitate, which appeared slowly and dissolved in concen- 
trated sulphuric acid to a fine, intense royal-hlue solution, wbicli, 
on keeping, became successively dull reddish-purple, reddish-brown, 
and brown. Harmaline methochloride under similar conditions 
gave an almost black precipitate, which dissolved in sulphuric acid 
to a blue solution which, on keeping, became bluish-green, olive- 
green, and finally dull brown. Methylharmalinesulphonic acid (or 
harmaline-methohydroxide-sulphonic anhydride) also condenses 
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„,th diazonium salts in alkaline solution, and witli tetrazotisod 
benzidine yields a dull reddish-purple solution with very deep green 
fluorescence. On the addition of acid, the solution becomes orLge 
yellow and the fluorescence disappears, but the alkaline solution 
dyes cotton in dull mauve shades unaffected by acid, Tetrahydro 
liarmine and il'-methyltetrahydroharmine condense immediately 
with diazomum salts ir acetic acid solution. With tetrazotised 
benzidine either of these bases gives a bright red precipitate which 
dissolves in dilute hydrochloric acid to a reddislipiirple bluish 
purple, or pure blue solution according to the conceiilratioii of the 
acid. In concentrated sulphuric acid the solution is pure blue 
A dilute acid solution dyes cotton lu intermediate shades The dyed 
iabric becomes blue if placed in moderately concentrated hydro 
chloric acid, and on washing with water the colour changes to terra 
cotta. Cotton is also dyed terra-cotta by an alcoholic solution of 
the azoderivative. With simple benzeiiediazoniim. salts tetra- 
hydroharmiiie gives yellow to orange precipitates, wliilst with those 
derived from iiaphtliylammes the colour is usually red. 
■^Hitrobemencasoletrahydroharmine, 

CHj 


NH CHMe 


13 obtained as a reddish-brown precipitate on the addition of a 
solution of p-nitrobenzeuediazoiiium acetate to an aqueous acetic 
acid solution of tetrahydroharmine. Tetraliydroliarmine (0'216 
gram) was dissolved in water (10 c.c.) and acetic acid (2 c c 1 
pNitroaniline (0'272 gram : 2 mols.) was dissolved in warm ccncen- 
trated hydrochlonc acid (3 c.c.), diluted with water (10 c.c.), and 
diazotised by the addition of sodium nitrite, after which the solu- 
tion was made up to 25 c.c. by the addition of saturated aqueous 
sodium acetate solution. One half exactly of the diazotised pnitro- 
am me solution was then added to the tetrahydroharmine solution 
and after one minute the precipitate was collected, thcroimhly 
washed with water, dried at 100° and in a vacuum over phosphoric 
oxide until constant. The amount obtained was 0 340 gram which 
IS a yield of 93 per cent, of the theoretical. The filtrate contained 
"0 lazonium salt and, on the addition of the second half of the 
diazotised pnitroauiline, there was a small precipitation of azo- 
envative, but on adding an amount of tetraliydroliarmine, dis- 
sov in dilute acetic acid, judged to be approximately 0'2 gram, 
ere was a voluminous precipitate. TIris experiment proves that 
e condensation occurs between one molecule of tlie base and one 
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of the diazonium salt. The substance is soluble in boiling alcohol 
to a crimson solution and, on allowing to cool slowly, the greater 
part separated in an unsatisfactory condition, but the blaeh 
powder was mixed with some long, coal-black needles which fonnej 
aggregates that could be separated mechanically, These were dried 
in a vacuum over sulphuric acid and analysed : 

01147 gave 0-2638 CO, and 0-0554 H,0. C = 62-7; H = 5-4, 
CijHjjOsNj requires C = 62-5; H=5-2 per cent. 

p-NitrobemeneozotetrahydroIiarmine melts at 173 — 175° with 
decomposition to a black froth. It dissolves in concentrated hydro- 
chloric acid to a crimson solution which becomes orange^red whei] 

greatly diluted with water. Unlike the nitrohenzeneazo-dcrivativcs 

from harmaline and methylharmaline, the solution in sulphuric 
acid is carmine and does not change appreciably on allowing to 
remain. The black needles give a chocolate smear on paper, and 
this exhibits a beetle-green lustre. Methyltetrahydroharmine yields 
a very similar substance on coupling with diazotised p-nitroaniliii«, 
whilst metliyltetrahydroliarmine methosulphate in dilute acetic acid 
solution in the presence of sodium acetate yields an orangeicd 
solution on the addition of p-nitrobenzeiiediazonium acetate, and 
this solution becomes blood-red on making alkaline with sodium 
hydroxide. The base, melting at 129°, obtained from the latter 
methosulphate by the action of alcoholic potassium hydroxide 
(p. 956), yields in acetic acid solution an orange-red liquid which 
becomes carmine on the aeidition of hydrochloric acid. 


Bcineiieasofetriihy/IrolHtrnunesu! [ihanic Ai'itl , 

CH, 



NH 
NH CHMe 


Tetrahydroharmine (1 gram) in dilute acetic acid (100 c.c.) nas 
mixed with a solution of diazobenzenesulphonic acid (from 1 gram 
of sulphanilic acid) when an orange liquid was obtained, and iii a 
few minutes an orange-yellow azo-compound separated in glistening, 
microscopic prisms. The substance was collected and purified hy 
solution in dilute aqueous sodium hydroxide and precipitation by 
the addition of acetic acid. The crystals were collected, waslied 
with water, and drieel at 100°: 

0-2860 gave 0 1658 BaSOj. S=8-0, 

t'l.jHajOjNjS requires S=8-0 per cent. 
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He substance is not soluble in cold sodium carbonate solution 
and IS very sparingly soluble in organic solvents even in boiliiie 
glacial acetic acid. It dissolves in aqueous sodium hydroxide to a 
bright orange^yellow solution, and this becomes crimson on the 
addition of hydrochloric acid. The change is very similar to that 
which IS exhibited by methyl-orange when treated in a similar 
manner, but the harmine derivative gives a more intense colora- 
tion. It IS, however, not so sensitive an indicator as methyl 
orange and requires a higher concentration of hydrogen ion in order 
to effect the change of colour. A crimson acid solution was diluted 
with water until the colour had become orange-brown and on the 
addition of a trace of methyl-orange the crimson colour was 
restored. Silk and wool are dyed in pale yellow shades from a sus- 
pension of this substance in hot dilute acetic acid 

Se«reaearonie(A,y/(e(/-a7iy<fro/iariniiies«fpfio)iic XcH 

This substance was prepared from methyltetrahydroharmine in 
exactly the same way as described above for the corresponding tetra- 
hydroharmine denvatives. The only difference noted was that it 
cr^tallised more slowly from solution and had a reddish-brown 
colour In acid and alkali it behaved exactly as the substance iust 
described : ^ 

0'3142 gave 0'1787 BaSO,. S=7-7. 

CsoHjjOjNjS requires S = 7-8 per cent. 

It is an interesting circumstance that tiie basic nitrogen atom 
of tetrahydroharnune is not concerned in the coupling with,diason- 
mm salts, and this follows from the observation that X-aeetyl tetra- 
liydroharmme, which does not dissolve in dilute acids, conddbses 
wi h diazobenzeiiesulphonic acid in aqueous acetic acid solution 
ivith the formation of an azo-derivative which is crimson in acid 
and yellow in alkaline solutions. The oxidation product of har- 

ketofsonormethyltetrahydroharmine (ni, p. 

, p. 960), does not condense with diazonium salts. 


folmr Beactions for hulole Derivatives applied to Degradation 
Products of Harmine, 

colour!' t^trahydroharmine 
dlt A ^ green in hydrochloric acid solution and that 

hydroa^harmine (Ber., 1889, 22, 640) under the same condi- 

pr uces an orange colour, but these reactions are not very 
^OL. CSV, r 

N N 
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characteristic, and we have tried to obtain more definite evidence 
that harmine is an indole derivative. Almost all the hydrorieriv- 
atives give indole indications after fusion with potassium hydroxide^ 
but we specifically mention only those examples which are character, 
istic. Ketoisonormethyltetrahydroharmine (m. p. 228°, p. ggQ) 
obtained by the oxidation of harmaline methosulpbate, ig 
stable towards fusion with potassium hydroxide, and remains tor 
some time as a yellow or yellowish-brown oil. At a certain point 
the mixture froths and becomes almost homogeneous and the reac- 
tion is then finished. Water is added and the liquid extracted witli 
ether. The colourless, ethereal solution is washed with dilute hydra- 
chloric acid and evaporated, when a small residue is obtained, and 
this colours a wood shaving blue, in alcoholic hydrochloric acid 
solution, and gives a deep blue coloration with p-dimethylamino- 
bensaldehyde and aqueous-alcoholic hydrochloric acid on gently 
warming. The ethereal solution evidently contained a neutral 
indole derivative, and this was confirmed by treating another por- 
tion with concentrated hydrochloric acid and vanillin, when a crim- 
son solution was obtained. Still another portion was dissolved ij 
sulphuric acid to an orange-red solution, which on the addition of a 
trace of glyoxylio acid (obtained by adding magnesium powder to a 
concentrated aqueous solution of oxalic acid) became brownish- 
purple. The hydrochloric acid washings of the ethereal extract 
were rendered alkaline with sodium hydroxide and extruded with 
ether. After removal of the solvent the colour reactions just 
described could be obtained. The fusion of the substance meltia; 
at 228°, with potassium hydroxide, results, therefore, in the pro- 
duction of a basic and a neutral indole derivative. The colour 
obtained with p-dimetbylaminobenzaldehyde indicates that an 
a-position has been set free in the indole ring, since scatole gives a 
blue coloration with this reagent, whilst o-methylindole gives a 
crimson colour and its methylenedioxy-derivative (Foulds and 
Robirson, T., 1914, 105 , 1969) almost an identical shade, Ehomng 
that alkyloxy-groups in the ring are not likely to modify these 
colour reactions to any great extent. When isomethyltetraliydra 
harmine methohydroxide methyl ether (m. p. 129°, P- ), 

obtained from methyltetrahydroharmine methosulphate by ' 

action of methyl-alcoholic potassium hydroxide, is fused wit 
alkali in the presence of air at a high temperature and the pm “ 
subsequently treated with water, acidified, and the solutiou eva- 
porated to dryness, a mauve-red coloration is obtained m e 
with p-dimethylamiuobenzaldehyde. This indicates the 
of an indole derivative with a free ^-position. The base, me mg 
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129^ and also_ J7-aeetyltetrahydrohamine yield, beyond question 
indole denvatives when warmed with concentrated hydrochloric 
acid. The acetyl derivative gives a deep greenish-blue coloration 
when heated with hydrochloric acid and then mixed with an alco- 
holic solution of JHlimethylaminobenzaldehyde 
Either compound when heated with concentrated hydrochloric 
acid for thirty seconds and then treated with a little vanillin gives 
a most intense permanganate^^oloured solution and on the addi 
tion of water, a purple precipitate. Tetrahydroharmine itself gives 
a somewhat similar, but far weaker, reaction and a colourless sub- 
stance separata. On adding water the latter remains unchanged 
but most of the colour of the liquid is discharged. With vanillin 
and hydrochloric acid, a-methylindole gives an orange colour and 
jS methylindole a blue solution. 

Ukiveesities of Oxford and Ijveiipool. 

[Reixmi, June 23riJ, 1919.] 


LXXX . — Harmine and Harmaline. Part IV. 

By William Hensy Perkin, juu., and Robert Robinson: 

In Part III. of this research (this vol., p. 937) it was argued that^ 
harmme must be represented by one of the formul® I or II, and 
evidenoe was brought forward which was interpreted in favoiir of 
the first of these alternatives : 



\/\/\/" 

NH Me 

(I-) 


=|/\Me 

\/\/\> 

NH 

(II.) 


The corresponding expressions for the base, harman, which 0 
Fischer {Chem. Centr., 1901, i, 957) obtained by eliminating the 
methoxyl group from harmine are III and IV respectively In the 

(p- ^“^hors ako 

J question of the probable nature of a base, C,sH,„N, 
P epared by Hopkins and Cole {J. Physiol., 1903, 29, 451) from 

N N 2 
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tryptophan by oxidation with ferric chloride, and suggested tiij 
representations III and V, of which the former was preferred : 


/\_/\ 

I I I 
\/\/\/ 

NH Mo 
(HI.) 



\/\/\/ 

NH 

(IV.) 


The possibility was therefore mooted that the base, Cj 2 Hj,Nj 
(m. p. 238°), might prove to be barman (m. p. 230° according to 
0. Fischer, lac. cil.), and we are now able to state that this is 
actually the case. We are greatly indebted to Professor P. Gow- 
land Hopkins, F.R.S., for a specimen of the base, C^EuNj, and, 
as the result of a careful comparison, we can detect no difference 
between this substance and harman, the melting point of which we 
find is also 238°. The details are given in the brief experiraenkl 
portion appended, and some of the theoretical consequences of this 
interesting result may now be considered. In the first place this con. 
junction of the chemistry of harmine and of tryptophan very mud 
-strengthens the case for acceptance of the formula I as the best 
summary of the relations of harmine, since it is almost inconceivable 
that a substance constituted as IV could arise from tryptophan, 
even in the presence of other substances. The only loophole is the 
possible occurrence in some specimens of this amino-acid of a 
methyltryptophan (VI), which is extremely improbable: 


|OH,-CMe(NHj)-CO,H 

\/ 


NH 


(VI.) 


Secondly, the theory put forward in our preceding memoir (ioc. 
cit., p. 944) that harmine originates in nature from a hydroxy- 
tryptophan receives important confirmation, since harman may now 
be so simply obtained from tryptophan in the laboratory. Clearly 
the mechanism of the latter reaction is a matter worthy of close 
investigation, since it is probably on analogous lines to the vital 
synthesis of an alkaloid. One possibility is expressed in the follow- 
ing scheme, in which tryptophan alone is supposed to yield the base 
and in which the unusual fission, occurring at the point indicated 
by the dotted line, may find some analogy in the decomposition ot 
tryptophan by B. cdi resulting in the formation of indole withou 
scatole: 
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CH,-CH(NH,)-CO,H 
> 


NH 


jCHj-CHO 

\A/ +nh,+co, 

NH 




CH, 


/\ /\, 


CH-OH 


\/\/\/^“ 

NH OH 

/\ 


NH 




On the other hand, it is more probable that the Me*C group is 
introduced as the result of the participation in the reaction of some 
substance which can yield acetaldehycJe on oxidation, and as alanine 
is such a compound it appears feasible to suggest that barman is 
the result of the oxidation of a mixture of tryptophan and alanine 
or equivalent dipeptides containing tryptophan and alanine units. 
The process could then be represented in the manner shown on 
p. 970. 

There are naturally other possibilities, such as the presence of 
othy] alcohol or acetic acid. 

The fused benzene-pyrrole-pyridine nucleus which it now seems 
certain is contained in the molecule of harmine does not find a place 
in any approved system of nomenclature, and we therefore suggest 
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/\ jCHj-CH(NH,)-0O-NH-OHM6-CO,H 


\/\/ 

NH 




CH, 


/\ /\CH-0H /\ /\ 

NH,+ 2 C 05 + I 1 ijp I I t 

\/\/ t ^ \/\/\/ 


NH CHU 
+ I, 
Me 


!NH 
NH CHMe 




/ 

I 

N 


NH Me 


the name ‘carboline’* for this structure, indicating an analog 
both to carbazole and quinoline. There are four carboline substi- 
tution products and these may be named in accordance with a 
scheme of numbering which is the same in all cases, and is indi- 
cated below in the case of d-carboline (norharman) : 





/\/\/ 

NH N 


3-Carboline. 


"k/U-/'"' 
12 ^ 


4-Carboline. 



o-Carboline. 


/\ /N 


NH 

6*Carboline. 


Isomeric and probably tautomeric with these are the four 
carl dines,’ the numbering of which need not differ from that oft e 

earbolines. Thus harmine is ll-methoxy-S-methyM-carbolme, 

• The term “carbasoline” has already been used to denote reteb™ 
products of carbazole (cojupare Carrasco, Qazzetta, 1908. 88, h, 80 
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whilst methylharmino (VII, compare this vol., p. 942 ) is 
ll-methoxy-3;4-dimethyl-4-*»ocarbolin6: ' * 



NMe 


Me JfH 

(vni.) 


apHarmine, it may be pointed out, has now been shown to be 
a-methyl-T-pyrindole (VIII) in accordance with the nomenclature 
previously suggested (T., 1912, 101, 1787) for fused pyrrole-pyr- 
idine nuclei. 


Experimental. 

0. Fischer {loc. eit.) converted harmine into the corresponding 
phenol, harmol, by demethylation with concentrated hydrochloric 
acid in a sealed tube at 140-170°. We have employed this method 
also, but, m addition, have prepared harmol in almost theoretical 
yield by boiling harmine with an excess of hydriodic acid (D 17) 
during five hours. On dilution with water and the addition ofi 
enough sulphurous aoid to remove the free iodine, a crystalline pr J 
cipitate remained and this was collected and dissolved in dilute 
aqueous sodium hydroxide. The filtered solution was acidified with 
acetic aoid and the harmol precipitated by the addition of ammonia. 
The base was at first somewhat viscid, but very soon became granu- 
lar and crystalline, and was then collected, washed with water, and 
dried at 100°. Harmol may be converted into hannan by careful 
distillation with a very large excess of zinc dust in a stream of 
hydrogen, but owing to the high melting point of harmol the yield 
IS unsatisfactory. The crude product from the distillation of 
15 grams of harmol, intimately mixed with 250 grams of zinc dust, 
was dissolved in the minimum of cold concentrated sulphuric acid 
and the diluted solution mixed with insufficient aqueous ammonia 
to neutralise the aoid. The sparingly soluble sulphate, which 
separated almost immediately, was collected and decomposed by 
aqueous sodium hydroxide, when the recovered base, -after three 
crystallisations from benzene, melted at 238°. Harman was also 
prepared by 0. Fischer’s method from aminoharman and, as it was 
thought that the product might be contaminated with ethylharmol, 

It was boiled with an excess of concentrated hydriodic acid during 
m hour and the solution diluted, treated with sulphurous acid, and 
ma ly with an excess of sodium hydroxide. The precipitated base 
vas collected, crystallised from benzene, and obtained in prisms 
c mg at 238° alone or mixed with a specimen of barman pre- 
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pared as described above. The specimen of the base CuHjjN, 
Professor Hopkins kindly sent us melted at 238° after two crystal 
lisations and the melting point was not depressed by intimate aij, 
ture with an approximately equal amount of pure barman, Harun 
crystallises from benzene in well-defined prisms, the sulphate, frou 
dilute sulphuric acid, in radiating clusters of short, delicate, niioj. 
scopic needles and the wercurichluride from dilute hydrochloric 
acid containing mjrcuric chloride in long, slender needles. Under 
the microscope the latter are seen to extend across the field, ajj 
each crystal presents the appearance of two sharply defined, straight 
parallel lines very close together. The respective crystalline forms 
and approximate solubilities of the base from tryptophan and its 
sulphate and mercurichloride were carefully compared with those 
of haiman and the two salts thereof, with the result that complete 
identity was observed. 0. Fischer states that solutions of salts of 
barman fluoresce blue, but we consider that it is violet, and the 
shade and intensity of fluorescence were identical in the cases of 
soluticns of barman and of the base from tryptophan. The follow- 
ing experiments were carried out with both specimens and identical 
presuits observed. A trace of barman was boiled during fin 
minutes with an excess of methyl iodide, after which the mixture 
was evaporated to dryness. The pale yellow residue which wai 
sparingly soluble, even in boiling water, was heated with au 
aqueous suspension of freshly precipitated silver chloride and the 
solution filtered. The colourless aqueous solution of barman metho- 
chloride so obtained exhibited a bluish-violet fluorescence. On thi 
addition of a drop of aqueous sodium hydroxide there was no pre- 
cipitate, but, on the further addition of sodium hydroxide, a pals 
yellow precipitate was obtained. On shaking with benzene the 
latter extracted a bright yellow substance and the solution had i 
green fluorescence. , 

The benzene extract was separated and, on the addition of dilute 
hydrochloric acid, became colourless and the aqueous layer acquired 
a violet fluorescence. When harinan is heated with phthalio anhy- 
dride a yellowish-brown fusion is obtained, and, on boiling with 
alcohol and cooling the solution, a sparingly soluble, orange, crje- 
talline substance separates- The reaction is probably due to a con- 
densation which involves the methyl group in the a-position in lie 
pyridine ring, and harmine exhibits a quite similar behaviour. 

UNrvERSiTins of Oxfobd 4nd Livebpool. [Received, Jutt/5tti, 191^] 



Organic' Chemistry, 


The AtoiH Model of Rutherford and Bohr in Chemistrv 

A. E. LACOMBLi (We»i- II eehblad., 1919, 16, 832—834) —A d«’ 

oussion of various difficulties wliicli arise iu the huUier 

of the ideas suggested by Buchner (this vol., i '>45 

tion of the Rutherford-Bolir theories of atomic ’structure to the^caTe 

of atom linking in organic compounds. If the single bond between 

two carbon atoms be constituted by the attraction of two valercv 

electrciis revolving „i an orbit perpendicular to the hue ioiiiing the 

two positive nuclei then, lu addition to the electrostatic field, an 
electromagnetic field is established the dircctiou of which is deter 
mined by the sense of the motion of the electrons in the orbit In 
the case of the methane molecule there would thus be several 
imssiblo isomerides owing to the possibility of positive or negative 
rotation of the electrons in tlie four atomic bonds as viewed from 
the carbon nucleus.^ Two of these isomerides are symmetrical the 
rotations lu one being all positive and in the other all negative 
These are enantiomorphous ismnerides, and each gives rise to one 
derivative of the formula CH^R and one CH,R.,. Tlie unsymmelri-, 
cal possibilities may be represented as + + + - + + 

+ - - “ „ isomeric mono-derivatives of thJ 

formula CRjR. Aj these are unknown, it may be assumed that 
only the symmetrical forms exist. In chains of carbon atoms 
positive carbon atoms must alternate with “ negative ” atoms so 
that a closed ring is only possible with an even number of ato’ms, 
unless tor the odd atom an abnormal structure is assumed, which 
would again render possible the existence of unknown isomerides 
It IS also pointed out that the displacement of the electrons to form 
mbits between the carbon atoms of the diamond would probably 
oe indicated in the Rontgen diagram of the crystal by the presence 
ot lines. Such lines have not been observed. \V. S. M 

The Nature of the Ethylenic and Acetylenic Linkings in 

f^AKNER (Chem. Neios, 1919, 119 , 
The appearance or disappearance of the unsaturated 
imkmg m carbon compounds is generally accompanied by irans- 
eliniinatioii or frans-addilioii of the groups leaving or entering the 
mo ecule. An explanation of the mechanism ot such reactions is 
offerecl in terms of Bohr’s theory of the arrangement of the atoms 
and electrons in the molecule. It is shown by means of diagrams 
tliat when two univalent atoms, for example, hydrogen and 
aromine, become detached from two adjacent carbon atoms, with 
■ormation of an ethylenic linking, this is more likely to occur in the 
trails- than in the ras-position. E. H. R. 

New Practical Method of Carbonising Coal at Low 

Franz Fischer and AV. Gluud {Ber., 1919, 

• \B\, 1035—1039). — Difficulties are encountered in carbciiisiiu' 

''OL. CXVI. i. 
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considerable quantities of coal at low temperatures in a reasmuy,, 
time since, owing to the low thermal conductivity of the materia] 
the heat penetrates so slowly into the interior of the charge that 
the outer portions readily become overheated. The authors considtr 
that the conditions essential for success are that the volatile portions 
should not be heated to a temperature higher than that necessaiv 
for their volatilisation and that they should not be exposed to this 
temperature for an unnecessarily long period. They have therefore 
constructed a cylindrical retort which can be rotated round a hori- 
zontal axis. The latter is hollow, but is plugged in the middle. 
Through the one end steam is admitted which carries oil the volatile 
products through the other end to a suitable condensing arraiioe. 
ment. The furnace is heated from underneath by a series of gas 
burners fed with air under pressure, whilst loss of heat is prevented 
by enclosing the furnace with a metal sheath. A thermo-cminle 
is placed in the axis. The furnace permits the distillation oi 
20 kilos, of coal in one to two hours. Distillation generally com. 
menceS at about 350° and is complete at 500°. The yield of tar is 
3 — 30%, according to the kind of coal used. The first portions of tie 
oils are lighter than water, the last portions are heavier, the mean 
density being slightly greater than unity. The tar appears in thin 
layers as a golden-red oil, which is more or less viscous according to 
tlis kind of coal used. H. 

Parafim from Coal. W. (Iluud {Ber., 1919, 52, [i‘j, 
1039 — 1053).— The occurrence of paraffin in low-temperature tars 
has been frequently noted, but little is known as to the nature of 
the individual components. The author has therefore investigated 
the tar derived from a Mond gas plant fed with a gas coal and finds 
the paraffin to be a mixture of saturated normal parafc 
terminating with C 29 H,i(i, in which hexa- and hepta-cosaiie pre- 
ponderate. The series thus appears to be less comprehensive than 
with brown coal paraffins. 

[With Fri,. Henny Hovekmann.) — The paraffin exists as such in 
the crystalline state in the tar, from which it is isolated by treat- 
ment of the latter with acetone; in the earlier experiments attempts 
were made to isolate a pure product by repeated crystallisation of 
the crude substance, first from acetone and subsequently from 
benzene- In this manner, Iieptacosane was ultimately isolated. 
Better results, however, were obtained by repeated fractional dis- 
tillation of the crude product under diminished pressure and ciys- 
tallisation of the individual fractions when necessary. The com- 
plete series from to could thus be isolated, the iden- 

tity of the products being established by direct comparison ritli 
the synthetic substances. Heptacosane was prepared by the actio)i 
of phosphorus pcntachloride on myristoiie and treatirient of tl>e 
chloride with liydriodic acid; contrary to the usual assiiiiiption, 
however, the intermediate product was found to lee 
hepiacosane, needles, m. p. about 30°, the formation of which n 
attributed to the ketone reacting in its enolic form and addition o 
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cliluriiie ocOTiiiug at a higher temperature. Oclaeusaiic was ure- 
pared in satisfactory yield by the electrolysis of a iiii.Kture of 
myristjc auti palmitic acids Ihe following eoiistaiits are recorded 
for the synthetic hydrocarbons; «« l'43,S.-«, l-iangf, 

„« 1-43851, < 142774, < 1-42534, n;?"! -4.3293 ; G„H I- . 43 ^’ 
„ ; 1-43228, nf 1-43992, < 1-42874, u»" 1-12S36, ,/l-|34n . n 1 ’ 
1-43539, n» 1-43309, -< 1-44071, < 1-42971 l- 4 -! 73 f lS 

1 - 13 . 301 . 


Investigation of the paraffins- obtained from other varieties of 
coal rendered it very probable that they are closely similar in com- 
position. The isolation of small amounts of paraffin by the direct 
e-rtraction of coal -with benzene at 260—270° leads the author to the 
cojiclnsion that it exists in all probability to some extent as such in 
coal, and is therefore not exclusively a product of secondary pro- 
cesses occurring during distillation H W 


Light Petrolenm from Coal. Fb*nz Fischer and W. Gr-uun 
{Bcr., 1919, 52, [ifj 1053— 1068).--The object of the investigation 
was to get a general insight into the nature of the most volatile 
fractions of low-temperature tar. It was found that considerable 
quantities (about 1% of the weight of the coal) of liglit petroleum 
could be obtained, and that benzene is not present 'll! more than 
uuiiimal amount. 


Three different coals were investigated, a gas coal (Zecko Loli- 
lerg) and two fat coals (Floz Albert and Mindeii). The latter was 
of interest, since the mine from which it was obtained was known to 
smell of petroleum j the coal evolved paraffins at a temperature well 
below that at which carbonisation commenced, so that it is estab- 
lished that light paraffins can exist pre-formed in certain coals The 
light petroleum was isolated from the gas and also from the tar. 
Ill the former case, since it was desired to operate in a technical 
manner, extreme cooling as with liquid air was not adopted; the 
products were isolated either by liquefaction by compression in steel 
cj-hiiders or, preferably, by compression into paraffin oil and isola- 
tion from the latter by treatment with steam. In this manner the 
considerable fraction boiling below 20° was lost; the product had 
b p. 20—100° with only small portions of higher boiling point. The 
tar was treated with steam and the distillation was discontinued 
iviien only small quantities of oil came over, since otherwise con- 
siderable quantities of phenolic substances distilled. The boiling 
point of the distillate was mainly 60—200°. All the fractions con- 
tained sulphur compounds. They were purified by treatment with 
alkali and then with concentrated and 1,5% fuming sulphurie acid 
or, jireferably, with aluminium chloride; the use of liquid sulphur 
k advantageous. Perfectly colourless liq\iidfi weTe 

uib obtained, which were stable towards light and air. Tlip. frac- 
■ p. 20— 60*^, was composcfl of saturated })araffin liydro- 
— 100° contained najihtheiies mixed in the 
^ 0 the gas coal with paraffins. The composition of the liicrher 

b. p.'s 100—125° and 125 -190° was less definite; they 


y 9 
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appeared to be mixtures of paraffins with naphthenes with highe, 
hydrogen content and, probably, complex aromatic compounds. 

The fractions, b. p. 60 — 100 “ were examined for lonzene; the 
presence of the latter in small amount was established in a product 
obtained from the Minden coal and purified with liquid aulphnj 
dioxide, the isolation being directly effected by exposure to lo,. 
temperature, but the quantity present cannot exceed 3%. The frac. 
tions obtained from the second fat coal and from gas coa! ami 
purified by aluminium chloride aptrearod to be free from beiuem, 
when examined by the triphenylmethaue method. The usual identi. 
fication by successive conversion into nitrooenzene and aniline 
appeared inadmissible in Ibis instance owing to the danger of the 
formation of benzene by the oxidation of more highly hydrogeiutfil 


products. . 1 j , , 

The behaviour of the several fractious when cooled has also beEii 
fully investigated ; the original paper must he consulted for details. 


Preparation of some Volatile, Saturated Acyclic or 
Cyclic Hydrocarbons contained in Light Petroleums, 

G. Chavanne and L. J. Simon (Compt.^ rend., 1919, 168, 

J 324 1326).— A number of aliphatic and cyclic hydrocarbons have 

been prep'ared and their b. p.’s, densities, and critical teinperatiirs 
of solution in aniline determined. The following results were 


obtained : 




1 : 2-Dimethylci/cipbexane . 
1 : 3-Dimethyfci/rfohexajie . 
1 ; t.Dimethykydohexane 


• 

The authors find that, for the conversion of butyric, adipic, ur 
methyladipic acid into its corresponding ketone, manganous carton- 
ate is a very effective catalyst. 

Decomposition of Acetylene at High Temperatoes » 
the Presence oi Various Catalysts. Siecfeisd Hilpshi ,W- 
Abhand. Kennt. KoJde, 1917, 1, 271-275 ; from P'*, ^ 

1919 i 709— 710).— Experiments were undertaken with ti J 

yield of the latter could not be obtained. In all case . 
decomposition appears to involve the separation o 
formation of tar or benzene appears to be » J fjed bj 

acetylene was prepared from calcium carbide and punu 
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passage over a long layer of kieselguhr impregnated with a solution 
™ cuprous chloride in hydrochloric acid. The furnace consisted of 
an electrically heated Jena-glass tube. With coke as catalyst, it 
was fcnnd that the impurities in the material, particularly sulphur, 
took part in the change. With glass splinters, a fog of tar appeared 
at 400°, whilst at 500° a layer of carbon was slowly formed on tlie 
olass and a mixture of benzene and tar containing imsaturated 
substances was obtained; the decomposition of acetylene on glass 
appeared to be characterised by the formation of carbon at a rela- 
tively high temprature and the simultaneous production of tar. 
Vith powdered iron and more markedly with nickel, decomposition 
omraenced at 300° and proceeded so rapidly at 400° that the tube 
apidly became choked with c.arhon; the tar was strongly unsatur- 
ted and contained hut little benzene. Aluminium, mercury, lead, 
inc, and tungsten had little action. With copper a brown deposit 
apidly formrf, which soon choked the tube completely, whilst an 
inpleasant smelling tar was formed in small amount. Brass filings, 
m the other hand, only became slowly coated with carbon and gave 
I tar similar to that obtained with glass. Molten pheiianthrene or 
inthracene did not react with acetylene in the presence or absence 
,t iluniinium chloride. H. W. 

The Interaction of Acetylene and Mercuric Chloride. 

lliviD Leon.\hd CHAriiAN and Wh.t.iam .Ton Tcnkins (T., 
1919, 115, 847-849). 

Action of Methyl Sulphate on the Alkali and Alkali- 
sarth Sulphates. .1. Guyot and L. J. Simon (Compt. rent!., 
1919, 168, 1204—1206. Compare this vol., i, 308).— The alkali and 
p.ltali earth sulphates if heated with methyl sulphate in sealed 
tubes at varying temperatures yield the pyrosulphate of the metal 
ami dimethyl ether. This is shown to be due to the direct inter- 
action of the two sulphates, and not to the intermediate formation 
of a Piilphate such as sodium methyl sulphate, which w'oiild subse- 
quently break down to the pyrosulphate and melliyl ether. W. G. 

The Hydrolysis of Ethyl Sulphite. A. Bacgesoaard- 
Rasmussen { Ber ., 1919, 52, [ B ], 1069— 1078).-Th6 work of 
previous investigators has shown definitely that ethanesulphonatc 
is formed in small amount during the hydrolysis of ethyl sulphite 
by alkali hydroxide, but an explanation of the phenomenon has 
:Hot been given, The author has performed a series of quantitative 
experiments under different conditions, and has measured both the 
amount of base unused and the quantity of sulphite formed ; the 
extent of hydrolysis as indicated by the first method is invariably 
ilightly greater than that- shown by the second, but a part of the 
hterenco is to be ascribed to an unavoidable slight oxidation of 
tie sulphite, The actual formation of sodium ethanesulphonate 
s, however, placed beyond doubt. The author finds that the 
hydrolysis of ethyl sulphite by bases is in the main an absolutely 
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normal process; if, however, the action occurs slowly (as with tl, 
equivalent amount of alkali), small quantities (about 4-5%) „( 
ethanesulphonate are produced. This compound is shown to fc, 
formed by the action of ethyl sulphite on the alkali sulphite Cis; 
produced. 

Biochemical Formation of Mercaptans. F. F. 

(Her., 1919, 52, [B], 1207— 1211).— Neuberg and Nord (A,, igij 
i 1046) have shown that thioacetaldehyde is reduced to ctlvl 
mercaptan by living yeast and also by symase solution, 
present investigation deals with the possibility of a similar procs,, 
occurring with higher thioaldehydes. For biochemical pnrpoips. 
it is unnecessary to isolate the difficultly accessible thioaldeliyde, 
in a state of purity; it is sufficient to treat the aldehydes with j, 
alcoholic solution of ammonia and hydrogen sulphide, when hc!i> 
logues of thialdine are produced which behave as if they 
mixtures of thioaldehvde and aldehydeimine, and possess tit 
further advantage of being freely soluble aqueous alcoliol 
n Butaldchyde was treated in this manner and the product addei 
to a solution of sugar in water which was undergoing brisk feratni. 
ation by yeast. Ilydrogen sulphide was freely evolved, and, jltn 
fermentation had ceased, the liquor was found to contain r-hiitd 
mercaptan, h. p. 9.6-102°. in small amount, together w,t 
indefinite compounds of higher boiling point. The presence o 
acetaldehyde was also esi.ablislied. Tii a similar manner, uoad 
mercaptan, b. p. 115-119°. was obtained from t,sova evaldehyde: 
the Ihiovaleridiiie had a marked inhibitive action oil the ter™™! 

, . rl. \i , 

atioii. 

Interaction of Mercuric and Cupric Chlorides He- 
suectivelv and the Mercaptans and Potential Mercaptans, 
rn.sFiiLiA Ch.inpba R-iv (T., 1919, 115, 871—878). 

Water of Crystallisation ; Compounds with 2H,0 anl 
3H,0. I. Giiareschi [Gazzetta, 1919, 49, i, 

A 1915, ii, 774).— Strontium formate loses its 21LO (*> “ 
30° or (2) at the ordinary temperature and a pressure o. '.0 m's 
and in presence of sulphuric acid, the last 1H,,0 being |i'eii ip 
only very slowly; the anhydrous salt does not re-cover the n < 
of Crystallisation in the air. 7iinc formate ( + 21^0) loses; s y ■ 
at 70° (not at 60°), the anhydrous salt ■ 

from the air. Manganese formate loses ifa 211,0 onl) at 0 
J-HoO very gradually. Calcium chlorate ( + 2R2O) un . ^ 
pL deh'ydfation at 50°, the ‘ 

later and then deliquescing in the air. Potassiu ^ 

( + 3H,0) loses its water 

60°, or (2) at 42° in a current of air, ,,i ease 

temperature in a desiccator over calcium chloride, 
the last iH,0 is released e.xtremely slowly. 

From the observation that many salts appear to yie 
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of crystallisation in definite fractions, the conclusion is drawn that 
the true molectdar weights for the hydrated salts are multiples of 
those corresponding with the simplest empirical formula. ^ 

T, H. P. 

The Solubility of Silver Acetate in Acetic Acid and of 
Silver Propionate in Propionic Acid. Joseph Khov anJ 
Helen Reid Will (T., 1919, 115 , 853-854). ^ 

Stearic and Palmitic Esters of the Isomeric Propylene 

TTt' Cauadu,^^1918 

1-1^’ ne 1 7 L/r-fru u A - 1916, 

^ l -3''l‘M'-«’typropaiies may he directly 
eJerified at high temperatures if constantly stirred, the optimum 
temperature of estenhcation varying with the acid used After 
fusion, the mixture is freed from glycol by washing with hot water 
and from free acid by means of sodium hydrogen carbonate The 
mono, and di-acid esters are separated by means of their different 
soliibinties in alcohol. The following esters are described’ 
Vropyh.ne viomRleiirale, OH-CHMe-OF.,-C„H.,.6, had m n 
f':!-™''’’ "’-'p orystamse’^ 

m large, flaky crystals, »'» 1’4360. 

TrimeAhihiie monoatenmfe, OK-C'H,'CH,-CllcC H 0 hml 
m. p. 6n’5°, 1 ’4437, and the ilkleomlc, ra.>. M- 7 o' J 

Fropykiu monopalmitate h.ad m. p. ,54-2^, )i.«« 'l’4405 and 
tile dipalmilaF , m. p. 68’8° n'-' 1-4364. ' ’ 

Trimnihphne dipalmilaie had in. p. .56’2°, n'-' 1’4374 The 
monopalniitale was not isolated. ' ' W G 


The Optically Active ua'-Dimethylglutaric Acids. Eloe 

Muller {Imuh. Umr. ArsKl-r., 1919, 15, 56 pp,- from Ghf.m. 
7,eiitr., 1919, i, 606 -608). — The author gives two tables of the 
known optically active dibasic acids with two similarly placed 
asymmetric carbon atoms, and points out the relationship between 
iiielting point and optical .activity. There appears to be no con- 
nexion between the difference of melting point of the isomerides 
ami the magnitude of the specific rotation. r-ay-Dimethyl- 
glntanc acid has previously been resolved by means of the 
strychnine hydrogen salt, but the f-isomeride wa.s not obtained pure 
(-'i., 1911, I, 12); the two antipodes have now been isolated in a 
state of purity, fission being effected wdth brucine or the a-phenyl- 
rthylaniines, 

Ftliyl T-ay-dimefhi/I-a-carhoxyqlufaratej 

CMe(C 0 ,Et). 3 -cil,-CHMe-C 05 Et, 
p. 156 158°/15 mm., is prepared by the action of ethyl /S-bromo- 
TObutyrate on ethyl scdiomalonate ; when hydrolysed with sodium 
ydroxide, it yields r-ay-dimetJiyl-a-qarhoxpighitaric add as a 
s icky mass of indefinite in. p. The saturated aqueous solution 
1007 139 grams per litre at 20°. The dissociation constant, 

'i = 0'220. The potassium dihydrogeii salt forms long crystals, 
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the dipotauuim salt cannot bo prepared whilst the normal 
mtassium salt lorma small, transparent crystals ( + H 2 O) Resell,, 
tion of the acid could not be effected with a-phenylethylamine, 
quinine or cinchonine, but was accomplished through the 
strychnine dihydrogen salts (the salt of the (f-acid crystallises in 
colourless, anhydrous needles, that of the f-acid m prisms, + 411,0). 
The active adds have to. p. 144—148°, [a]o +16 3 and ^16-0“ 
in aqueous solution, and are more soluble m water than the 

racemic form. , , < 11 . 

r-ay-Dimethylglutaric acid was partly resolved by strychnine 
and almost completely by brucine^ and the a-pheuylethylamincs, 
but not by cinchonine, cinchonidine, morphine, or quinine 
With molar quantities of strychnine or brucine and r-acid, the 
salts of the df-acid separate first. Strychnine d.ay-dmeay;. 
qUitarate forms thin, transparent crystals ( + 2H,0) solubility ‘iq 
grams in 100 grams water; the corresponding salt ot the /.acnl 
forms colourless threads, readily soluble in water. The briicme 
salt of the ^f-acid ( + 2H„0) crystallises m colourless needles 0'8 
gram of which dissolves in 100 grams of water whilst the salt „ 
the /-acid forms transparent prisms, solubility 1-8 111 100 
].phenvlethvlnmi)ic (]-ay-<7imefhylohilamte ^ and i -p/if+i//ft/»l- 
umiue' l-oY-iftmcf/qv/o/u/umfe _ crystallise ni needles m. p 
157 -158'^ solubility 9 grams in 100 grams walei , d-phen)/i(.iiu/i 
online d-ay-rhmefhvhhit^rate and hphenplefhplamine 
niethvWvtLte have m. p. 144-145°, solubility 25 in 100 T o 
strvciinine salt of the «.«o-acid ( 21 ,0) forms threads, solubd, 

12 in 100 whilst the brucine salt dissolves to the extent of IB paiti 
in 100 d- and hPhenvhth/lmnine 

dissolve freely in water, r/-' and /-ayDimethylglutaric aci.l 
tystallise in needles or prisms, [«]j? -:- 39-8° ^ aqueous solutu,,. 
Examination of the barium hydrogen salt shows *^«“he nnivcl 
ion has the same sign of rotation as the parent acid, whil. I th 
bivalent ion of the normal salt is optically inactue. The 
'-anhydride, obtained by the action of acetyl _ebloride on he d-arm 
,1 50—60° forms cubic crystals, ni. p. 41 o ° , , 

in bLene’ solution, whilst the d-un/iyrfr>r/e crystallises m sleiKle 

Ldles m. p. 42-43-5°. fall: + 69-9° in benaene f « «’■ J 

r-unl/Wc, prepared by admixture of its ^ 

is only attacked by acetyl chloride with difficulty), P 

^Vh^nrodurt obtained by the elimination of carbon dio.xide fm« 

since the sign of rot.ation is t- e ,..m _ rotate in the same 

it follows that the tri- and d.-hasic acids which rotate ^ 

direction arc confignratively related. 

New j 3 ^-Dialkylglutaric Acids, h 

1919 49 i 124—133, Compare A., 1901, i, 630). r 
in.' further acids have been prepared by the method former y 
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^^.m-n-jiropt/ljllutam aad, CPi-(CHvCO.H),„ prepared from 
oy-dicyauo-^fl-dipropylglutariiiiide, forms white' crystals m p 
112—113° and completely volatilises at a higher temperature, its 
vapour provoking coughing. The tinitiuni 'mm salt is highly soluble 
ill water, its aqueous solutions giving precipitates of various colours 
with salts of heavy metals. 

^.}]thjl-&-prop!/lgluianc acid, CEtl>r(CH.pCO..H).,, crystallises 

ill colourless, flattened needles or long laminre, in. p.'7I 72° and 

lias an intensely acid reaction. ’ 

p.Meihi/l-&-iso>>utytfflui(iric add, Of!Me.,-CH,-CMe(CIf -CO HI 
has m. p.' 63-65°. - - \ - 2 

^■Metht/l-p-isohexylf/lu taric acid, 

GHMe.-[CH,] 3 *CMe(CHyCO.,H)., 

forms crystals, m. p. 62—63®; the fiilver and ziii-c salts were 

analysed. 

fi4fcth-^l-^-non.plffhd(iric acid, CH 3 *[CH 2 ]g‘CMc(t'n 2 *COoH)o, 
crystallises in broad, colourless lamin®, greasy to the feel m. p 
46-5-47-5®. 

$-Uethff^-hexpli/hfaric nrld, C,iH|.(*CMe(CH,>-COoH).„ forms 
crystals, m. p. 52—53?. _ ' 'T.'H. P. 

Manganous Tartrate and Potassium Manganous Tartrate , 

Leonard Dobbin (./. *4mcr. Chem. Soc., 1919, 41, 934—940).— 
Manganous tartrate is prepared by adding an equimolecular solu- 
tion of sodium or potassium t-artrate to either manganous sulphate 
or chloride solutions, when-, on keeping, small, rose-tinted crystals 
separate. The crystals are monoclinic with axial ratios [a:6:c=- 
0'816:1 :0'699, j3 = l00®14'J. It loses 14% of it^? water at 100®, and 
continues to lose water up to 180®, and at 200® darkens with slight 
decomposition. The crystals have the formula MnC 4 H 40 fi, 2 H 20 . 
All attempts by the author to prepare manganous potassium 
tartrate failed, hence it appears unlikely that this compound exists. 

J. F. S. 

New Explosive Substance Derived from Formaldehyde. 

Annibale Moreschi {.Itti R. Accad. Lincei, 1919, [v], 28 , i, 
277 — 280). --The action of dry gaseous hydrogen chloride in the 
cold on commercial formaldehyde solution (about 40%) in a reflux 
apparatus yields, first, the comjjound. OTI*CTI.>Cl. If the action 
is prolonged, a heavy liquid separates having a composition coyre- 
qiondiiig with the formula 0(CILC1)2. Treatment of this liquid 
at about 5® with a mixture of concentrated nitric and sulphuric 
acids results in liberation of hydrogen chloride, carbonyl chloride, 
and probably an oxygenated chlorine acid, and in separation of a 
I'olaiiricsp oil, 1'52206. which, from its comp(Kitiou and its cryo- 
?copic behaviour in benzene, appears to have the formula 
This com]joiind is extremely sensitive to shock, decom- 
posing with detonation. Of the twm possible constitutions, 
X0-0-(TI.yO'CH.-O*NO., and NO.-CH.,-0-CH.yO*NO,. the latter is 
^he mere probable, since hydrolysis leads to the formation of formic 
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acid and nilromethane. The compound dissolves considerable pr^ 
portions of cellulose nitrate even at 0°, and an explosive jelly con^ 
taining 7% of cellulose nitrate (12-11% N) gives a greater increase 
in volume on explosion than one containing 7% of glyce^l nitrate, 

T. H.' P. 


v-Hydroxyvaleraldehyde. Burckhaed-i- Helpeeich (Ber., 
1919 52 , [B], 1123— 1131)-— Although a- and ^-hydroxy-aldehydes 
of simple structure have been closely examined, the comspimding 
7-derivatives do not appear to have been isolated, although their 
chemistry is exceptionally imprtant owing to their near relation 
ship to the sugars. The present communication describes an effort 

to fill this gap. . , 

A solution of methylheptenol iii glacial acetic acid is czouisetl, 
diluted with ether and a little water, and treated with ziuc clmt 
until the perozonide is reduced ; on distillation, a 78% yield of 
y-hudroxyvalerMehyde is obtained. It is a moderately mohile 
liquid with an odour resembling that of turpentine, b. p. 63-65“:' 
10 mm. Di’ 1-0167, 1-4359, which mixe-s with water and organic 

solvents, but is salted out from its aqueous .solution by potassium 
carbonate, but not by sodium sulphate or chloride. The freshly 
prepared solution contains the aldehyde in the unimolecular form. 
The otime ph(nt/lhydrainne,stu6i f-nitrophem/inydrazone couldonly 
be obtained as oils', hut the p-5romopAe»yW<?;draso»e forms pale 
brown crystals, m. p. 88-89° (corr.), after softening at about o', 
and diphenylmethanedimethyldihydrazone consists of colourles? 
crystals, m. 'p. 84-85° (corr.), after slight softening from 80°, Tte 
alLhyde yields a hisidphte compound, winch is readily soluble iii 
water It does not reduce Fehling’s solution in the cold and with 
only moderate rapidity on heating; ammoniacal silver solution u 
redLedin the cold. It is converted by concentrated aquw 
sodium hydroxide into a crystalline mass, winch is transformed into 
a dark terpinaceous oil when heated. Concentrated liydroclilom 
acid resinifies the aldehyde slowly in the cold, rapidly when wariiiei . 
Treatment of the aldehyde with 1% methyUlcoholic 
acid at the ordinary temperature converts it into 5-memitl- 
r..i CHMe. -’ 


’>0, a mobile, volatile liqnih 


CH, 

methjlteirahffdrofiiran, .cn(OMe)- . , , 

1, p 116-118° (corr.)/755 mm., Dl' 0-9291, < 
not reduce boiling Fehliiig’s solution and oiily 
boiling ammoniacal silver solution. It is stable = 

**d ^ 

converted by water at the ordinary temperature into acrii 
and the aldehyde, 

TT P MoNRCK 

Preparation oi Xylose Iroin Maize Cobs 

(,7. imer. Chem. Soc., 1919, 41 , 1002 - 1003 ).-ine 
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described by Tja Forge and Hudson (J. Iml. luii/, Chcm., 1918, 10 
935) is modified by removing the gum by digekion of the broken 
maize cobs with sodium hydroxide solution (1%) at 100° for oiio 
and a-half hours instead of performing the operation in an auto- 
clave at 160°; the residue is hydrolysed by dilute sulphuric acid 
( 4 %), and the latter is subsequently removed with barium carbon- 
ate. The sugar solution thus obtained is less coloured than that 
prepared by previous methods, and crystallisation of tlie xylose 
takes place with uniform readiness. The yield is 8—10%. [See also 
,7. Soc. Chem. Iml., 1919, August.] jj ' 


New Sugar Isolated from a Sea weed. Ei.ii Takahasiii 
{J. Tokyo Chem. Soc., 1919, 40, 167-166).-Tlie author has iso- 
lated a new sugar from the hydrolytic product of the mucilavinoiis 
substance formed by boiling seaweed in water. The sugar c^stal- 
lises from water in rectangular form, thicker in the middle, is 

exceedingly sweet, is soluble in alcohol, and has m. p. 152 153° 

and [al?’ -f 80'75°. The molecular weight by the cryoscopic method 
is 179-3. Tests with resorcinol, phloroglucinol, Tollen’s and 
Oshima’s reagents show that it is not a ketose, pentose, or methyl- 
pentose. It yields tevulic acid, identified as the silver salt, and is 
thus shown to be a hexose. It strongly reduces Fehling’s solution, 
is fermented by yeast, but not so readily as dextrose, and forms a 
h/ifraeone in the cold, m. p. 158—160°. which is soluble in methyl 
and ethyl alcohols and in hot water. The needle-shaped osaione, 
m. p. 193°, is soluble in the two alcohols, but not in water. The 
phsii-ylmethylhydrninne, rectangular plates, has m. p. 191°, and the 
]>hroma'i>henylhydra3one, ni. p. 171—172°. Sodium amalgam 

reduces it to a hexahydrio alcohol, prisms, m. p. 186 187°. Tlie 

iipw sugar is very similar to galactose in specific rotatory power and 
in the m, p. of the corresponding alcohol, but differs in crystalline 
form, in failure to yield mucio and saccharic acids by oxidation 
uiili nitric acid, and in tbe m. p.'s of tlie various hydrazones and 
in the solubility of the osazone in methyl alcohol. From these 
analyses the ahthor believes the new sugar to be an aldohexose, and 
names it ftoridosc, and its alcohol, floridiiol. This name is given 
iW-ause tlie sugar was first isolated from the red sea weed Florkleae. 
hiigars isolated from various sea-weeds, including Choiidrus datux 
ihimi;, .Aknfeltia pricnin, and hidoea laminnKoidesvnr. nriincopinc, 
are all easily crystallisahle and are found to be absolutely identical 
"iHi floridose. Chemical Abstracts. 


The Preparation of Rhamnose. E. P. Clark (/. Biol. 
I icni., 1919, 38, 255 — 256). — Liquid quercitron e.xtract is hydro- 
yard by gently boiling with 3% sulphuric acid for half an 
n>U!. After removal of the sidphuric acid as barium sulphate, the 
iiiatenal is concentrated to a thin syrup aud eight volumes of 95% 
a oohol are slowly added with constant stirring. The filtrate from 
us precipitation is evaporated to a thick syrup under diminished 
pressure and the residue is dissolved in 95% alcohol. On the addi- 
wu of 2| volumes of ether, a gummy substance is precipitated. 

r» 2 
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which is redissohed in alcohol and again precipitated by elh.f 
From the extracts, on removal of the ether and coiiceiitrali„j, 
rhamiioso may be crystallised out. The yield is 50-~51 grants of 
white rhamnose from 2 kilos, of the commercial quercitron e.'ctract, 

J- C. 1). 


The Constitution of the Disaccharides. Part III. Maltose. 

Walter Norman Haworth and Orace Cdmmino Lkitch (T,, 1915 
115 , 809—817). 

Improvements Relating to the Preparation of Amines, 

William Rintoul, John Thomas, and Nobel’s Explosives Co., 
Ltd. (Brit. Pat., 127740).— Tertiary amines are separated from 
admixture with primary and secondary amines by converting tlf 
latter into the corresponding urethanes by treatment with cthy! 
chloroformate in the cold in presence of aqueous sodium carbonate 
The unchanged tertiary base is removed from the residual, oily 
product by waaliing with dilute mineral acid, and is recoveied by 
treatment of the acid washings with alkali, whilst the primary aij 
secondary bases are regenerated by the hydrolysis of the urethanes, 
[See, further, J. Soc. Chem. M., 1919, August.] G. F. M, 


Polypeptides containing Glutamine and the Questios 
of the Occurrence in Proteins. H. Thierpelder and E, voi 
Gramm [with Alfred Walther] {Zeitsch. physiol. CUm., 1919, 
105 58— 82).— It has been suggested that glutamine and asi>ara- 
vine’ are oomponente of protein rather than glutamic and aspaitit 
acids (Oshome and Gilbert, A., 1906, i, 324; Osborne, Leavenworth 

and Braunlecht, A., 1909, i, 72). ... ’j l j 1 ■ 

A study of the formation of ammonia during the acid hydrolj® 
of gliadin polypeptides containing glutamine, and glutamine itself 
leads the authors to supimrt the view that glutamine is a component 


of the protein molecule. , . . ■ 

The preparation of four dipeptides and of one tripeptide contain- 

C,H„0,M, s,. .™..W 

acetate, m. p 130-132°, [a1i«= - lO'SS to - 10A5°. 

Gh/cvU qlutaminc, C;H„0(N3, crystallises with one mo eoiile 0 

^ 11 4- iQQ 9000 rnT^— — 2’47® Tius 

water, and decompioses at 199—200 , l“hi- - ■ t 

has an acid reaction. Tt is precipitated by pliosphotungstic ami.lnit 
is soluble in excess, and gives no biuret test. n ir n TJ Cl 

Chlornaceti/li-aliitnmiTiylfllycine ethyl esfer, t„H,s j ■ 
needles m p 198°. Chlormicetyl.d.cihitamtn;/lyhje.inc, 
C^HjANsCI, 

needles m, p. 162 -163°. G'/vcyLd-7f«fumi«-y7,i7?ycr»f, 

needs’, decomposes at 201°, fa]b’ = "P/P f S ta* 

an acid reaction, and is precipitated by ,„t pre- 

the precipitate is soluble in an excess of the 

cipitated by mercuric chloride, taiinic acid, It 

basic lead acetate, or saturated ammonium sulphate 

^ives a bluish-violet biuret reaction. 
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^.^.Bromop-oponylA-glntamint, CgHisO^NjBr, m. p, 166—157°, 
r w _ + 9'03— 9-3° A-Alanyl-A-glutamiiie, prisms, 

,1, 0. 222° (decomp.), [o]!)“ = -9-2° It possesses an acid reaction 
to litmus and gives no biuret test. 

[. 2 -Bromoproyi&nyJ^A-glutajniney CgH^gO^NoBr, rosettes of needles, 
p. 132°. When recrystallised from ethyl acetate the substance 
oave a rotation in methyl alcohol of [oj||' = - 17'42° The substance, 
°ecrystallised from water, gave in the same concentration [a]„= 
_10'4°. No explanation is put forward. lAlainjl-A-ghtamine, 
C HijOiNs) needles, m. p. 212 — 213°, [o]]?= — 20'1°. This substance 
is* acid to litmus and gives no biuret reaction. 

i.a-Broinohohexoyl4-glntam.ine, C|,Hja04NjBr, m. p. 150°, 
rjl'*= + 20'8°, [o]? =+20'B5°, crystallises in prisms. 1-icucyl-d- 
dutamine, CnHgiO^Nj, needles, m. p. 235—236°, [a]]’= + 12'6°. It 
is acid to litmus and gives no biuret reaction. J. C. D. 

Catalytic Action of Hydrogen Peroxide on Potassium 
Ferro- and Ferri-cyanides. E. Luck {Apih. Zeit., 1919, 34, 87 ; 
from Ctim. Zentr., 1919, i, 610—611). — It an aqueous solution of 
potassium ferricyanide is warmed for about two minutes at 45° with 
lOfl of hydrogen peroxide and allowed to cool, almost black crystal), 
iKsFeCjNjiSILOj, are obtained which are very sparingly soluble 
in water, mol. wt. 759'82. In a similar manner, potas.sium ferro- 
cvanide gives the comyovrtd, 2K4FeC|.N5,3H,,0,. H. W. 

Modified GraphicFormute for Organic Cyclic Compounds. 

Ai-exancee Lowv (.7. /Iwer. Chem. Soc., 1919, 41, 1029 — 1030). — 
The author recommends the advisability of indicating the double 
bonds in cyclic compounds by heavy lines and the single 
bonds by light lines. A series of typical examples is given. 

H. W. 

Freezing-point Curves of Mixtures of Nitro- and Dinitro- 
lenzene. K. Lehmstedt (Zdtsch. ges. ScMess. u. Sprengsioffio., 
918, 13, 118 — 119; from Chem. Zentr., 1919, i, 708),— The auihor 
las determined the freezing point of various solutions of pure 
a-dinitrobenzene and of a mixture of o-, m-, and p-dinitrobenzene 
6'5% 92'0%, and 1'5% respectively) in nitrobenzene. The composi- 
:ion of nitrated products can be readily elucidated from the freez- 
ng-point curve for the pure dinitrobenzene and for the teclinical 
nixture of isomerides. The curve has two eutectic |x)ints, probably 
lue to the fact that solutions which contain little dinitrobenzene are 
Mt caused to crystallise by seeding with dinitrobenzene. H. W. 

The Reduction of 2 ; 3-, 3 :4-, and 2 : 5-Dinitrotoluenes. 

Iakob MeisenHeimer and Erich Hesse (Tier., 1919, 52, [iJ], 
1161 — ^1177). — Some years ago (A., 1904, i, 150; 1906, i, 642) it 
''as shown that o- and p-dinitrobenzenes are converted by cautious 
rsdiiction in alkaline solution into dark-coloured salts of diati- 
dbiilrocyclobexadienes, which, when acidified, rapidly pass into 
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nitronitrosobeiizenea. The experimente with o-dinitrohenzene ta 
been repeated on a large scale, the products now obtained beie! 
o-nitronitrosobenzene (19% of that theoretically possible), 
benzene (31%), o-nitrophenol (14%), a little o-nitroaniline, jjj 
resinous matter. 

The work has also been extended to 2:3-, 3:4-, and 2:a-di]iit,j. 
toluenes, which are found to behave in a precisely similar manuQ. 

3 : 4-Diuittotoluene, m. p. 59 — 60°, is conveniently prepared k- 
oxidising 3-nitro-p-toluidine by means of. Caro's acid to 

4- nitrosototuene, and completing the oxidation of the latter wit], 
nitric acid. Reduction ot 3 : 4-(tinitrotoluene by bydroxylaniine j, 
effected in the usual manner, but the salt which is produced catiiiK 
be isolated on account of its ready solubility. On addificatioj 
the following substances are obtained: 3-nitro-4-nitrosotoluete 
m. p. 143°; i-nitro-Z-niirosotoluene, yellow leaflets, m. p, Up 
mixture of m- and p-nitrotoluenes, p-nitro-wi-cresol, m. p. 550 jjj 
resinous products, from which nothing definite could he isolatal 
1‘otassium diaei-i:irdinitromethyl-ls.^-^-cjc\ohexadiene is prepani 
by the addition of an ethereal solution of potassium ethoxide te 1 
suspension of 3-nitro-4-uitrosotoluen6 in ether, and forms ai 
amorphous powder of dark red colour which is extiaoidimrilT 
sensitive to moisture; when treated with aqueous acid, it yields 1 
mixture of nitronitrosotoluenes. 

2 : 3-Diiutrotoluene, m. p. 96—97°, is best obtained by the nitra. 
tion ot acet-o-toluide by nitric acid in the presence of acetic arid 
and decomposition of the mixture ot 3- and b-nitroacet-o-toliiide 
with hydrochloric acid ; the separation of the isomeric amines h 
accomplished by diluting the acid solution largely with water, win 
the very feebly basic 3-nitro-o-toluidine is precipitated; the Ulta 
is converted by Caro's acid into Z-nitro-‘i-mtrosololvene, paleyelloi 
leaflets, m. 127° (dccomp.), which is transformed by inhit: 

acid into 2:3-dinitrotoluene. (Z-Xifro-Z-A’-iimtihi/Uiioieiimi' 
red prisms, m. p. 65 5- -60°, is obtained by condensing Hiiitio'l 
nitrosotoluene with y^t«l^^idine in glacial acetic acid solution ; J 
aniline is used, 6-nilro-%methyh:ohe.>tiene is obtained as a red oil 
b. p. 215°/ 11 mm., which does not solidify after many iiionlk 
Reduction of 2 : 3 -dinitrotoIuene with hydroxylamine follows tli 
normal course, yielding 2 nitro-Z-nitrosololvene, yellow leaiet 
m. p. 92—93°, admixture of 0 - and m-nitrotoluenes, and 3-mtm 
cre,sol, m. p.‘69 — 70°. The potassium salt of diaci-2 ; 3-iliiiitr» 
methyl-A* ■"-cyrfohexadiene is prepared from 3-niti'o-2-»itro-‘e 
toluene, and is very sensitive to moisture. 

Z.NitTo-2-mtrosotolvene, almost colourless crystals, m. p 
143 — 144°, is obtained by the action of Caro’s acid on the cow 
sponding amine (it condenses with aniline to yield^ irntro-^-iKt f 
aiobeniene, red prisms, m. p. 98—99°), and is 
formed into 2 : 5-dinitrotoluene, m. p..50 — 51°. 
reduced by hydroxylamine, and the solution yields on aci 1 

5- nitro-2-nitrosotoluene and dimtroazoxytduene, </“ . • 
prisms, m. p. 188—189°. The polassiam salt of 
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j^ft],yW-^-cydohexadiene is obtained as with the other isomerides, 
and forms an unstable, red salt, which, when acidified, gives dinitro- 
azoxytoluene. When reduction of 2 : S-dinitrotoluene by hydroxyl- 
amine is effected in highly concentrated solution, potassium nitro- 
tfjluen-ei^odiazotate^ is precipitated in yellow 

needles, m. p. 202° (decomp.); the substance owes ite origin to the 
action o* hydroxylamifae on the intermediately formed nitroso- 
(lerivative, NO^-CaHaMe-NO -p NHj-OH -i- KOH = 

NOj-CjIIaMe-NlN-OK -t 2H,0, 

as is shown by its formation by the interaction of hydroxylamine 
with 5 -nitro- 2 -nitrosotoluene, Attempts are also described to pre- 
pare it by the diaiotisation of 5-nitro-o-toluidine and treatment of 
the product with sodium hydroxide solution, but the yellow, 
crystalline material exploded with great violence. H. W. 

Preparation of Liquid Hydrocarbons by the Action of 
Aluminium Chloride on Naphthalene under Pressure. 

Fbanz Fisoheb (Ges. Ahhand. Kemit. Kohle, 1917, 1, 237--244; 
from Chem. Zentr., 1917, ii, 584). — [With Wilhelm Schneider.] — 
A mixture of naphthalene (100 grams) and powdered aluminium 
chloride (4 grams), when boiled under reflux during three hours 
and subsequently distilled, yielded about 47 grams of naphthalene 
impregnated with oil and a residue of 47 grams of a brittle pitch 
which, when heated to redness, gave a small amount of viscous 
distillate and much coke. On the other hand, when naphthalene 
(350 grams) and aluminium chloride (10 grams) were heated under 
pressure (up to ten atmospheres) at 330° during twenty minutes, 
I34'5 grams of oil containing naphth.ilene and 108 grams of charred 
matter were obtained, from whiih 92 grams of non-solidifying oil 
were isolated by freezing and pressing. It is therefore possible to 
convert technically pure naphthalene by 4% of aluminium chloride 
ill autoclaves into a mixture of liquid hydrocarbons, the yield of 
which is 40%; the remainder of the naphthalene is converted into 
a mi.xture of pitch and carbon, since a portion of the naphthalene 
is hydrogenated at the expense of the other portion. 

[With SiEOFMED Kilpert.]- 10.55 Grams of non-solidifying oil 
were obtained from 3250 gr.ains of naphthalene and 130 grams of 
.diiminium chloride; after treatment with calcium oxide to remove 
hydrogen chloride, the oil was distilled, and yielded 4% b. p. below 
1.50°, 79% b. p. 150 — 300°, and 16% residue of higher b. p. The 
chief fraction, when cooled to 0°, deposited 27% of its weight of 
naphthalene, so that the remainder, which had b. p. 150 — 300° and 
did not solidify at 0°, constituted 57% of the total oil, or 18% of 
the original naphthalene. The middle fraction contained 8'4% of 
hydrogen and 91-5% of carbon. Its heat of combustion was 
9§32 Cal. (naphthalene, 9628 Cal.; dihydronaphthalene, 
10,092 Cal.). The vi»cosity in Engler’s apparatus was 1'16 at 20° 
and the flash point 70° (Pensky Martens), 75° (open test). The 
hydrogenated naphthalene could not be burnt in ordinary 
petroleum lamps without fonnation of soot. H. W. 
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Preparation ol Thickening Material for Lubricating 
Oils from Naphthalene. Fkanz Fischer (Ges. Ahhand. 
Kennt. Kohle, 1917, 1, 254; from Chem. Zentr., 1919, il, 584).^ 
Complex compounds, formed by the condensing action oi 
aluminium chloride, remain undecomposed when naphthalene and 
aluminium chloride are heated at a moderate temperature (com, 
pare preceding abstract). Thus, when crude naphthalene (adij 
grams) is heated in an autoclave with aluminium chloride (pii 
grams) (the maximum temperature and pressure being respectively 
5 . 0 ° and two atmospheres) and the product is distilled with steam, 
a black, syrupy, viscous residue remains which, after being filtered 
through cloth while hot, gives with three parts of a fatty tar oil, 
a black lubricating oil of good quality. 11. W. 


Conversion of Naphthalene into Liquid Products . Hermasv 
Niggemann (Ges. Abhund. Kennt. Kohle, 1917, 1, 255 — 258; from 
Uhem. Zentr., 1919, ii, 584—585. Compare preceding abstracts). 
— Attempts have been made to methylate naphthalene by heating 
it with polymethylbeuzenes in the presence ot aluminium chloride, 
since this substance not infrequently causes a wandering of the 
methyl groups in ra ethylbenzenes. When xylene, b. p. 134 — 135“, 
was heated to boiling with aluminium cbloridc tor three hours, a 
mobile, dark brown, and a viscous, black oil were obtained from 
the former, of which fractions boiling below and above xylene were 
isolated. Noticeable action did not occur when dry hydrogen 
chloride was passed through a suspension of dry aluminium hydr- 
oxide in xylene. Under similar conditions, solvent naphtha (25 
grams, b. p. 150—175°) yielded fractions, b. p.’s 145—150“ 
(2 grams), 150—175° (15 grams), 175—205° (3 grams), whilst the 
residue after decomposition with hydrochloric acid gave 2 grams, 
b. p. 150—280°, A mixture of naphthalene and xylene yielded 
an oil, b. p. 125—220°, which partly solidified, whilst a mixture 
of naphthalene and solvent naphtha gave small fractions, b. p.’s 
110—150° and 150—175°, and a larger fraction, b. p. 175—225“, 
consisting of naphthalene impregnated with oil. When naphtha- 
lene was boiled with aluminium chloride (4%) during one ami 
a-half hours, and the product treated with hot dilute hydrogen 
chloride and distilled, oily naphthalene was obtained at 210 225 . 
and a substance, which solidified to a yellow, waxy mass when the 
distillation was continued to 220° in an absolute vacuum. 

Acenaphthene when boiled with aluminium chloride (4%) tor 
one and a-half hours yielded a yellowish-green, fluorescent oil, b(p 
195—265°, which remained liquid at the ordinary temperatiffe, 
but deposited acenaphthene at 0°. Similarly, anthracene 
oil, b. p. 200—300°, which fomed a mass of orange crystals at the 
ordinary temperature, whilst phenanthrene yielded a ye o.vis 
green, fluorescent oil, which partly solidified at 0° 
liquid again at the ordinary temperature. ' 
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Conversion Of Naphthalene into Liquid Products hv 
Alkylation. Fkasz Fischer and Wilhelm Schneider (fiJ 
.Mand. KennL KohU, 1917 1 , 227-230; from Ghem. zfntr' 
1919, II, 585. Compare preceding abstracts).- The object of the 
investigation was the technical liquefaction of naphthalene bv 
alkylation in the simplest possible manner. Naphthalene (5 HrainsI 
when heated with absolute alcohol (4-5 c.c 1 and 1 

(10 grams) at 290—300° during thirty-six hours yielded 0-2 grim 
of recovered naphthalene and 5'1 grains of a reddish-brown oil with 
a green fluorescence. By treatment of crude naphthalene finn 
grams) with alcohol (96%, 120 c.c.) and zinc chloride (200 grains 
regenerated, 200 grams fresh substance) at 180—190° during sixty 
hours it gave 112 grams of a dark brown oil with a green fluores^ 
ceiice which, on distillation, yielded a small fraction b p below 
240°, 98 grams of a volatile, yellow oil, b. p. 240— 300° and 12 
grains of dark brown, viscous, residual oil; naphthalene’ did not 
separate from these oils when cooled with ice-water. The zinc chloride 
cannot be replaced by granulated calcium chloride, sulphuric acid 
sodium hydrogen sulphate, or anhydrous magnesium chloride’ 
When naphthalene (5 grams) was heated with methyl alcohoi 
(3'3 c.c.) and zinc chloride (10 grams) at 290-300° during twelve 
hours, 3-8 grams of oil were obtained, together with 0-8 gram of 
naphthalene. A mixture of naphthalene and phenol when heated 
with zinc chloride at 290- -300° gave a considerable amount of 
carbon and large amounts of unchanged substances. Acetone 
aiipeared to react with naphthalene in the presence of zinc chloride 
with elimination of water. Acetylene and ethylene did not react 
with naphthalene at 100—200° in the presence of aluminium 
chloride. -yy 


Conversion of Naphthalene into Liquid Products by 
Hydrogenation in Pressure Furnaces in the Presence of 
Non-metaUic Catalysts. Franz Fischer and Hermann 

XiGC.EMANN (Ges. Ablumd. Kennt. Kohk, 1917, 1 , 231 236 ; from 

lAiem, Zentr., 1919, ii, 585 — 586). -The experiments were per- 
formed in an electrically heated, horizontal furnace capable of 
withstanding high pressures. Naphthaiene was found to be very 
resistant to high temperatures, and, except for slight discoloration 
and traces of separation of carbon, remained unchanged when 
heated during one hour at 500° in the presence or absence of 
copper, iron, coke, or selenium; in the presence of 1% of iodine, it 
became intensely black, owing to separation of carbon. The best 
conditions for obtaining liquid products from naphthalene by 
hydrogenation consist in employing high temperatures and 
pressures. In the absence of catalysts or in the presence of 
selenium, the liquef.action is minimal. Iodine, on the other hand, 
IS an active catalyst; naphthalene is completely liquefied by heating 
with 1% of iodine at 550° for one hour in an atmosphere of 
hydrogen (pressure to about 170 atmospheres) to an oil with a 
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blue fluorescence, a mirror of carbon being also formed. Carbon- 
isation occurs more readily at high than at low pressures ; separa- 
tion of carbon at a hydrogen pressure less than 50 atmospheres 
does not occur below 800°, with 50 atmospheres at 800°, with loo 
atmospheres at 550°, with 170 atmospheres below 550°. Thj 
hydrogenated oils solidify more or less completely after a few days, 
probably owing to oxidation and separation of dissolved 
naphthalene. W. 

Constitution of certain Polynitro-compounds. j. 

Bishop Tingle and Walter Albert Lawrance {Trans. Roy. h'o(._ 
Canada, 1918, [iii], 12, III, 7— 11).— The authors have determined 
the constitution of the nitration products of pieranilide and 
diphenylamine obtained by Tingle and Blanch (compare A., 1908, 
i 778), and shown by Tingle and Burke to be tetranitrodiphenyl- 
amines’ (compare A., 1910, i, 21). By the action of nitric acid 
on pieranilide in the presence of oxalic acid, the product obtained 
is 2 : 4 ; 6 ; 4 '-tetranitrodiphenylamine, m, p. 216°. By the action 
of trichloroacetic and nitric acids, pieranilide yields s-tetranitro- 
diphenylamine, m. p. 191°, together with some his-2 ; 4-tetranitro 
diphenylamine, m. p. 179—180°. On nitrating diphenylamine 
itself, three compounds are obtained, namely, s-tetranitrodiphenyl- 
amine as the main product, together with a small quantity of a 
ie.tranitrodifhenyJamine, m. p. above 250°, and a compound, not 
identified. 


Salts of Hexanitrodiphenylamine. H. East and A 
Langhans {Zeilsch. ye.s. Mtiess. u. Sprenijsloffiv., 1919, 14, 1-b 
25—27; from Chem. Zentr., 1919, i, 719).— The acidic character 
of liexaiiitrodiphenylaiiiine, due to the presence of the imide- 
hydrogen atom, enables it to form soluble salts of orange-yellow to 
blood-red colour. Readiness of salt formation is considerably 
restricted by the sparing solubility of the parent substance, k 
series of salts has, however, been prepared by agitating and warm 
in<» ail aqueous or alcoholic solution or suspension of the requisite 
metallic oxide.s, hydroxides, or carbonates with hexanitrodipheiiyl- 
amine. The viaynesium salt is the most readily soluble, and may 
conveniently be used in obtaining the salts of the heavy metals bv 
double decomposition. The salts, with the exception of those o 
magnesium and ammonium, are more sensitive than the paieut 
substance. The lead salt is the most sensitive, followed in order 
bv the copper, sodium, iron, potassium, calcium, and ammoiiium 
sits. The sequence, with the exception of the sodium si » 
therefore the same as with the salts of picric acid and^nmtro- 
cresol. 

Preparation of Hexanitrodiphenyla^e 
benzene. E. J. Hoffman and Perry A. Dame (/. d™ • 

Vnr 1919 41 1013 — 1020). — ^The preparation is effected in 
following Cage’s; (i) nitration of chlorobenzene to chlow ™ 
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benzene by a mixture of nitric and sulphuric acids, (ii) formation 
of dinitrodiphenylamine by heating chlorodinitrobenzene with 
aniline, (iii) preparation of tetranitrodiphenylainine by the action 
of nitric acid on the dinitro-compound (compare Carter, Zeitst.h. 
fjes. Sprengs.^ 1913, 8 , 205, 251), and (iv) conversion of 

tetranitrodiphenylamine into hexanitrodiphenylamine by nitric- 
sulphuric acid, the latter procedure being a modification of Carter’s 
method. The best experimental conditions for each stage are fully 
described, and the yield of hexanitro-derivative is 68 62% of that 
theoretically possible, calculated on the basis of chlorobenzene used. 
The authors’ results lead them to the conclusion that the inter- 
niediate isolation of the tetranitro-compound is probably unneces- 
sary, and that the dinitro- can be converted directly into the 
hexanitro-derivative. The latter crystallises in fine, yellow needles, 
ni. p. 240 — 250° (decomp.). It is a very brisant explosive, scarcely 
suitable for explosive purposes except when mixed with other sub- 
stances. It is much more poisonous than glyceryl nitrate, and 
causes severe blisters, resembling burns, when it comes in contact 
with the skin. The fine dust especially affects destructively the 
mucous membranes of the mouth, nose, and lungs. H. W. 

Catalytic Hydrogenation of Schifi’s Bases. Alph. Mailiik 
{Bull. Soc. chim., 1919, [iv], 25,321 — 325). — Schiff’s bases, obtained 
by condensing an aldehyde with a primary amine, readily undergo 
hydrogenation when passed with hydrogen over reduced nickel at 
300—230°, giving the corresponding secondary amine. At the 
same time, there is a slight secondary reaction, represented by the 
equation R'CHINB' -t- 2I4=R‘CIl3+ Satisfactory yields 
were obtained in this manner from five of these bases. W. G. 

A'-Phenylhydroxylamine and Methyl Sulphate. Eug. 
Bamberger and Alexander Landau (/fcr., 1919, 52, [.fl|,, 
1093 — 1110). — Since previous attempts to prepare alkyl derivatives 
of A-phenylhydro.xylamiiie by means of inelliyl iodide, methyl 
bromide, or diazometliane did not give the desired result, the authors 
have examined the action of methyl sulphate without, however, 
being able to effect the isolation of the ethers. 

The majority of the experiments were perforjned by adding 
methyl sulphate and sodium hydrogen carbonate to an aqueous 
solution or suspension of plicnylhydro.xylamine at 0°. In these 
circumstances the most readily isolable product is the methylenedi- 
phenylliydroxylamine, CII.,(NPh'OH) 2 , which had previously been 
obtained by the use of diazomethane as methylating agent (Bam- 
berger and Tschirner, A., 1900, i, 342). In addition, small quanti- 
ties of azoxybenzene, aniline, and mono- and di-methyl-anilines were 
isolated, but it is uncertain whether the latter were produced by the 
methylation of aniline or by the decomposition of phenylmethyl- 
hydroxylamine. The methylene-diphenylhydroxylamine was 
accompanied by a second base which was without doubt formed 
from it during its purification, and which was identified as 
glyoxime-A-phenyl ether, OiNPhlCH-CHINPhlO. Small amounts 
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of oily and crystalline substances were also produced, but in quan- 
tity scarcely sufficient for complete identification. Among these was 
a substance crystallising in colourless leaflets, m. p. about 1320 
(which closely resembled diphenvl-A-hydroxyformamidine, 
OH-NPh-CHlNPh, 

but complete identity could not be established), a product, a. p. 
232°, and an impure oil which possibly contained phenylmethyl- 
hydroxylamine. Since the total weight of these products did not 
correspond with the amount of material employed, the residual 
aqueous solution was treated with sulphuric acid and sodium 
nitrite, when p-nitrodimethylaniline, m. p. 162°, and o-nitrodi- 
methylaniline were obtained. The only probable source of these 
substances was dimethylaniline JV’-oxide, which was actually isolated 
in the form of its picrate; it is remarkable that the amount of the 
latter generally appears to increase when the reaction mixture is 
preserved. 

When phenylhydroxylaminc and methyl sulphate were mixed, the 
reaction became extremely violent after a short time; in the pres- 
ence of ether as diluent, the action could be conveniently regulated 
and the products were dimethylaniline oxide, methylenedi-phenjl- 
hydroxylamine, small quantities of aniline, and the methylanilines 
and substances of unknown composition. A portion of the phenyl- 
hydroxylamine was removed from action in the form of its metho- 
sulphate. In addition, a reddish-brown oil was obtained which 
possibly contains phenylhydroxylamine 0-methyl ether. 

Attempts were also made to use nascent phenylhydroxylamine 
by reducing nitrobenzene with zinc and ammonium chloride in the 
presence of methyl sulphate; the products, however, were the same 
as those obtained previously. 

The production of methylenedi-phenylhydroxylamine during the 
methylation of phenylhydroxylamine is explained in the following 
manner; the primary product of the change is phenylmethylhydr- 
oxylamine, which spontaneously decomposes into formaldehyde and 
aniline, Ph-NMe-OH^CHsO-pPhNH., ; the formaldehyde then 
condenses with more phenylhydroxylamine to yield methylenedi- 
phenylhydroxylamine. The conversion of the latter by boiling 
water or alcohol into glyoxime-A-phenyl ether depends on its hydro- 
lysis to formaldehyde and .^-phenylhydroxylamine and reaction 
between these substances ; OH-NPh-Cli,'NPh'OH-(- H„0 = CH,0 + 
2NHPh-OH and 2CH,0 -f 2NHPh-OH=O:NPh:CH-CH:NPh:0-f 
AHoO-tH;. In an intermediate stage the formaldehyde condenses 
under the basic influence of phenylhydroxylamine to glycollalde- 

' KH'phOH 

hyde, which reacts thus: OH*CH„'CHO ^OH'NPh-CII,'CHO 

or OH-NPh'CHj-CHlNPhlO OlNPhlCH-CHlNPhlO H- H,. 

The liberated hydrogen is used in the reduction of a further mole- 
cule of phenylhydroxylamine. E. W. 

Attempts to Prepare 6-Phenylhydroxylamine 0-Methyl 

Ether. Euo. Bamberger {Ber., 1919, 62, [B], 1111—1123).— 
Attempts to prepare the substance by the action of methyl iodide ot 
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methyl bromide under widely varied conditions did not lead to the 
desired result, the products generally consisting of anoxybenzene, 
azoheuzene, aniline, and inethylaniline. Similarly, the product 
could not be obtained by the hydrolysis of .d’-beiizoylphenylhydroxyl- 
auiine fbmethyl ether or of phenyloxyuretliane 0-methyl ether. 
Api>arently, phenylliydroxylamiue 0-inethyl etlier dissociates with 
extreme readiness under the influence of hydroxyl ions into PhN< 
(or azobenzene) and methyl alcohol. 

[With K. Blaskopf and Alexander Landau.]— A-Bcnzoylphenyl- 
livdroxylatnine and dibenzoylphenylhydroxylamine are prepared by 
the action of benzoyl chloride on an aqueous solution of phenyl- 
hydroxylamine in the presence cf sodium hydrogen carbonate or 
sodium acetate, and are conveniently separated by taking advan- 
tage of the solubility of the former and insolubility of the latter in 
aqueous ammonia ; they form colourless needles, m. p. 121-122'’, 
and shining needles, m. p. 117 — 118'’ res|>ectively. 'N-deiisoi/l- 
pheiiylh/droxylamine ether, cubic crystals, m. p. 

54'5— 56°, is prepared by the action of methyl iodide and sodium 
raethoxide on the mono-benzoyl compound or, more conveniently, 
by the methyl sulphate method. When hydrolysed with boiling 
methyl -alcoholic potassium hydroxide, it yields azobenzene; with 
aqueous alkali in the presence of acetone, it gives benzoic acid, azo- 
beuzene, aniline, and, possibly, p-anisidine; with aqueous alkali the ■ 
chief nroducts are benzoic acid and azobenzene. Benzoic acid, 
/j-aminopbenol, aniline, and p-anisidine are formed when sulphuric 
acid and methyl alcohol are used, whilst when the latter is replaced 
by ethvl alcohol /j-phenetidine is produced. 

[With F, Tschibnf-r.] — ffi/droxi/phein/hirethane, 

NPIKOni-CO^Et, 

colourless, silky prisms, m. p. 47-5°, is prepared hy the action of 
ethyl chloroformate on an ethereal solution of phenylhydroxylamine 
(the iodium derivative forms fine, colourless crystals), and is reduced' 
by zinc dust and acetic acid to phenylurcthane, m. p. 51°. m-Tolyl- 
hydroryvrethane, is similarly prepared and has m. p. p°. When 
treated with methyl iodide and potassium metho.xlde, phenyl- 
hvdroxyurethane is converted into mrihoxyphenyliiretheinc, mobile 
oil, b. p. 124°/12 mm. The latter is hydrolysed by aqueous am- 
monia, yielding, as main products, etliylurethane aud azobenzene. 

Preparation of Acyl Derivatives of a p-Aminophenyl 
Ether. GESELLSCHArr fur Chf.mischf, Industrie in Basel (D.R.-P. 
,110967 ; from Chem. Zentr., 1919, ii, 422 -12,3). -/i-Aminophenyl 
allyl ether is caused to react with aliphatic acids, acid anhydrides, 
or acid haloids if necessary in the presence of a suitable diluent or 
condensing agent. p-Aeety!(i7niiiophen-yl ollyl ether, shining leaflets, 
ni. p, 94°, is thus obtained hy boiling the amino-etlie.r with acetic 
anhydride. Zactyhindnopheuyl atlyl ether, from the amino-ether 
and lactide at 160°, forms shining leaflets, m. p. 87°. isoTiiferyf-p- 
nminophenyl alhjl ether, small needles,^ m. p. 95°, is obtained from 
the acid, whilst a-hromoisoraleryl-p-aminophenyl alhjl ether, shining 
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leaflets, ra. p. 131° is prepared from the amino-ether and a-brojij, 
MOvaleryl bromide in the presence of ether and sodium carbon, it,. 
The substances are powerful soporifics, which also possess sed.itive 
and antineuralgie properties. H. W, 

p-Cymone. II. UtiUsation of Cymene for the Prepara- 
tion of Photographic Developers. Herbekt A. Luas (d. f,,,/ 
Snij. Chem., 1919, 11, 455 — 456. Compare Andrews, A., 191 !) 
i, 339). — Cymene is nitrated and the nitro-derivative reduced to 
4-ifopropyl-o-toluidine (ibid.), which is converted through the diajo 
reaction into carvacrol. This is transformed into the p-nitroso-com- 
pound by adding sodium nitrite to an alcoholic solution of the 
phenol, saturated with hydrogen chloride, and the product is dis- 
solved in 10% ammonia solution and reduced bv hydrogen sulphide 
when p-aminocarvacrol [MeiPrlOHlNHj— 1 :4 : 2 ; 5] is precipi- 
tated in colourless leaflets. This is a better developer than p-amino- 
phenol and gives as good tones as nietol, but it does not keep quite 
so well as this in the developing bath. 

Thymoquinol may also be made from sulphonated carvacrol, but 
the yields are poor and it offers no advantages over quinol, 
p-Aminothymol is also not a suitable developer. -J. C. W, 

3-Nitro-o-toluic Acid. S. Gabriel and Arthur Thieme 
{Btr., 1919, 62, [fl], 1079— 1092).— 3-Nitro-o-toluic acid, the last 
of the teu theoretically possible nitrotoluic acids, has been recently 
described by Mayer (A., 1915, i, 958) ; the authors find that some • 
of his data are incorrect, and have re-investigated the substance. 

Acet-o-toluidide is converted by nitric acid in acetic acid solution 
in the presence of acetic anhydride into a mixture of 3- and 5-nitro- 
acet-o-toluidides, which are hydrolysed with concentrated hydro- 
chloric acid ; under suitable conditions, 3-nitro-o-toluidine canbepre- 
cipitated from this solution by addition of water, whilst the S-nitro- 
isomeride remains dissolved. The former is reduced by hydriodic 
acid to the corresjKindiiig diamine, ni. p. 63 — 64°, the relative posi- 
tion of the amino-groups following from its transformation into 
4(or7)-methylbenzirainazole, m. p. 145° (hydrochloride, rhombic 
plates which do not melt below 300°). 3-Nitro-o-toluointrile, silvery 
leaflets, m. p. 109 — 110°, is preparerl by Sandmeyer’s method anil 
treatment of the crude product with alcohol or with nitric acid; it 
is reduced by hydriodic acid aud phosphorus to 3-fliRino-o-lohio- 
nitrile, m, p. 127 — 128°, which by further application of Sand- 
meyer's reaction gives ^i-methi/l‘phtItfilonitrile, colourless needle?, 
m, p. 143°, from which 3-methylphtlialimide, m. p. 189 — 190°. 
prepared by the action of sulphuric acid. Attempts to hydrolyse 
3-nitro-o-toluonitrile directly to the acid were unsuccessful, but it is 
transformed by sulphuric acid into Z-nitro-o-tdnnruide, delicate 
needles, m. p. 158*^, which is readily converted by Bonveaults 
method into S-nitro-o-toluic acid, long, colourless needles 
rods, ra. p. 151 — 152° [the sodium ( + 3‘5H20), hariim ( + 3HoO), 
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Dud silver salts are described]. The acid caiuiot be directly esteri- 
(ied by methyl alcohol and hydrogen chloride, but the methyl 
(needles and leaflets, m. p, 50°) and cth;,l (oily) esters are readily 
prepared by the action of the requisite alcohol on the acid chloride 
m. p- 41°. i-Nitro-o-ioluic anhydride forms six sided plates ni o' 
1T4°. ’ 

3 -Nitro-o-toluamide is converted by prolonged treatment with 
lioiliiig hydriodic acid into carbon dioxide and m-tolnidine ■ when 
reduced with tin and hydrochloric acid it yields 3 ^«if ( 7 , y??/e„ 2 iso- 
„xfizoM-one, slender needles, m. p. 119-120° (deconip.), m-tolu- 
idine hydrochloride, and S-amino-o-lolmc acid hydrochloride; the 
free acid, needles m. p. 125—126° (decomp.), may also be prepared 
l,v reduction of the nitro-acid with ferrous sulphate in ammoniacal 
solution. When heated with fnrmaniide, it it converted into 
o-methylqtiinaiole-i-one, long needles, m. p. 224°, 

Hlhyl mirotoluoylmaloncite., C„H 3 Me(NO,VCO-CH(CO,Et), 
prisms, m. p. 60°, is prepared by the action of 3 -nitro-o-to'luoy 1 
chloride on ethyl sodiomalonate, and yields a potasrium derivative 
CisHiiANK, yellow, silky needles. When boiled with hydriodic 
acid and red phosphorus, it gives ‘l-A-dihydroxy-h-methylqyinoline, 
miorocrystalline powder, which does not melt at 300°, and is con- 
verted by phospho^l chloride into 2:4-dichloro-5-methylquinoliiie, 
long, slender needles, m. p. 132°. Treatment with tin and fuming 
hydrochloric acid transforms the dichloro-base into a mixture of 
h-methyltetrahydroquinoUne hydrochloride, needles and leaflets, 
ra, p. 238—240° (the m'fwo-derivatiye of the tetrahydro-base crys- 
tallises in shining, oblique prisms, m. p. 69—70°), and 5-metliyl- 
qiiinoline, b. p. 263— 264°/753 mm., 264— 26.5°/765 mm. (picrale, 
111 . p. 218—219°, methiodide, lemon-yellow needles and plates, m. p. 
197° after softening at 193°); the latter base can also he obtained 
in small yield by distilling 2:4-dihydroxy-5-methylquinoline with 
zinc dust. 

The following details of |>reviously iindescribcd nitro- and amino- 
toliionitriles are given. S-Nitro-o-toluonitrile (compare Mayer, 
^<>r. cit.), prepared from 5-nitro-o-toluidine in the manner used 
for the 3-isomeride, forms colourless leaflets, m. p. 100°, which are 
readily hydrolysed by a mixture of glacial acetic and fuming hydro- 
rliloric acids at 165° to S-nitro-o-toIuic acid, m. p. 152—153°. The 
iiiiro-iiitrile is readily reduced bv stannous chloride and hydro- 
oliloric acid to b-amino-o-foJiio-irUrife., rhombic crystals, m. ]>, 90°. 
6 -Nitro-m-toluonitrile, ni. p. 80°, ia aliiularly reduced to G-amivn- 
^^i-iotuonitnle, long, colourless needles, in. p. 95 °. b-Xifro-m-lohin- 
’iiirile, needles, m. p. 104-^105°, is prepared by the action of 
tnioiiy] chloride on the corresponding nmidi', small needles, m. p. 

64^-165° (irom S-nitro-m toluovl chloride and ammonia in ethereal 
solution); ^-am,inn-m-fd}luQ}}ifriie forms needles, m. p. 75 ° (the 
I^Hdroe, Monde is slowly volatile at 100 °). 2 Nitro-m-toluonitrile, 

111 . p. 840 ^ ig reduced by hydriodic acid or ammonium sulphide to 
-^aiinuo-w(-toluamide. m. p. 149°; by stannous chloride and hydro- 
chloric acid to 2-amino-m.-foIuomiriIey m. p. 38°. H. W. 
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A Novel Applicatiou of Bromine Water in Synthetic 
Organic Chemistry. Jons Read and Margaret Mjjj 
Williams (7. Proc. Roy. Soc. N.S. Wales, 1917 , 51, 5 58—564),-, 
It has previously been shown (T., 1917, 111, 240) tliat etliylcj 
reacts directly with bromine water to give a good yield of etliylcj 
bromohydrin. In the same way when air charged with hromiuj 
vapour is passed through a suspension of cinnamic acid in ices'olj 
water kept well stirred, a yield of over 80% of o-bromo-8-pheay]- 
hydracrylic acid is obtained, the other product being aAdibromo-6- 
piienylpropdonic acid. If the cinnamic acid is replaced by sodium 
cinnamate only 53% of the bromohydrin is obtained, and there is j 
third product, namely, A-bromostyrene, which accounts for 45'6';, 
of the sodium cinnamate used. W. G. 


Fluorocinnamic Acid. F. Swaets (Bull. Soc. chin., 
1919, [iv], 25 , 325 — 335). — When benzaldehyde is slowly added to 
methyl fluoroacetate in the presence of sodium, the mixture beinp 
cooled below 0°, the principal product is methyl fluorociniicimait, 
m. p. 25°, b. p. 138°/23 miri., !>'•*•■ 1'17258. It is readily saponified 
by aqueous potassium hydroxide, giving the -potassium salt, from 
which, on acidifying, fluoroch namic acid, m. p. 157'6° (corn.), h, p, 
290°, is obtained. It yields calcium, barium, %pd siher salts and 
two complex iron compounds having the composition : 


and 


[Fe,(WO,,)e(OH)2]C,n,FO„ 


Fluorocinnamic acid is readily brominated, giving 
dibromo-S-phenylpropionic acid, m. p. 161'8°, giving a harimii salt 
and a methyl ester, m. p. 120° (corr.). W. G, 


Action of Ammonia and Amines on the Substituted 
Carbamidea and Urethanes. I. Carbonyldiurethane, 

F. B, Dains, H. W. Greidf.r, and C. H, Kidwell (/. .Imfr. 
Ghem. Soc., 1919, 41, 1004 -1013).— Carbonyldiurethane, silkj 
needles, m. p. 108°, is readily prepared by the addition of urethane 
(2 mols.) and pyridine (2 mols.) to a 10% solution of carbon;! 
chloride in benzene. It does not react with anhydrous liqniil 
ammonia, but, in the presence of a little water, it gives carbclh- 
oxybiuret, m, p, 162 — 163°, traces of biuret, and cyanuric acia 
No reaction occurs with cold alcoholic ammonia, but with aqneone 
ammonia (28%) the main reaction consists in the hydrolysis of roe 
of the carbethoxy-groups. with the resulting production of ethyl 
allophanate, m. p. 192° (the silver salt is described) ; at the same 
time, carbethoxy-biuret is formed, but, being unstable in >e 
ammonia solution, appears only as its decomposition pro * ' 
cyanuric acid ; biuret is formed only to a very limited ex 
Ethyl allophanate is produced in 80% yield when ethy ami 
used. 
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The course of the action of aniline on carbonyldiurethane depends 
largely on the temperature employed. At 110^115°, the products 

are 210°, and phenylcarbethoxybiuret. 

NHPh-CO'NII;CO-NH-CO„Et, m. p, 174° (the sodium and silver 
salts are described); the latter yields alcohol svhen dissolved in 
sodium hydroxide, and the solution on acidification gives phenvl- 
isocyanuric acid, fine needles, m. p. 290—300° for different pre- 
parations, which forms a silver and a copper salt. (Phenylcarb- 
ethoxybiuret and phenyhsocyanuric acid, together with phenvl- 
iiretiane and phenylallophanic ester, are produced by the action 
of phenylcarbimide on urethane at 130°.) At 1.30—150°, the pro- 
ducts are phenylcarbethoxybiuret, diphenylbiuret in a larger vield 
than before, and carhonyldiphonyldicarbamide 
CO(NH-CO-NHPh),, 

ni. p. 211°. At 170°, a little pheiiylcarbamide, in. p. 147°, .md 
iliphenylcarbamide, ni. p. 235°, are also formed, and, ,at higher 
temperatures, the latter becomes the main product. 

With o-toluidiue at 1.30°, phenyldinrethaiie yields o-tol i/l rarli - 
etlioxi/hivrei, fine, colourless crystals, in, p. 1,5.5— 15C° (from which 
o-toh/rmrj/iimn-ic acid, colourless needles, which do not melt below 
300°, and yield a mono-.?i7rcr salt, is obtained, as with tlie corre- 
sponding phenyl derivative), di-o-lnliilhiuret, needles, m, p. 
202—203°, and ethyl o-tolylallophanate, in. p. 137°, At 140°! 
the products are o-tolylcarbethoxyhiuret, a little di-o-tolylcarb- 
amide, and carhonyldi-otolyldicarbamide, in. p. 186°. At 
1 "0—180°, di-o-tolylhiuret, carboiiyldi-o-tolyldicaibamide, di-o- 
tolvlcarbamide, m, p. 248°, and o-tolylcarbamide, m. p. 1S8°, arc 
rihtiiined. Di-o-tolylcarhamide is the only substance isolated from 
rxpeiinients at 200°. 


At 130—140°, i8-naphthylamine yields mainly B-tmplitlitihnrl- 
rtliorj/hiiiret, colourless needles, m. p. 196° (fi-niiplithplisact'/nrurir 
nml has in. p. 290—291"), with small amounts of rarhonyldi-3- 
naphthyldicarhamide, m. p. 293°. a-Naphlhylaraine, on the other 
hand, yielded at 130° mainly di~a-naphthplcarhamide, m. p. 280°; 
smaller amounts of a-ntiphthyicorhetlwir.vhhtre.t^ colourless needles, 
m. p. 198° {a-naphthyliiocyanurk acid has m. p. 290°), and of 
th-a-no,phthplbi-uret, colourless crystals, m. p. 278 — 279°, were also 
produced. 


The reaetivity of carhonyldiiirethane appears to he dependent 
on the presence of the carbonyl group, since neither methylene- 
diuretli.ane nor the substituted inethylcncdinfcthanes form metallic 
salts or react with amines. Thus, methyicnediiirethane is not 
attacked by aniline at 130°, traces of ammonia are evolved at 160°. 
and at 200° only a little diphenylcarbamide is obtained, which 
results from the slight dissociation of the urethane. The intro- 
duction of a phenyl group in the methylene radicle does not 
increase the reactivity of the substance, and, similarly, o-nitro- 
pbent/Jmethylenediurethane, colourless crystals, m. p. 190°, does 
not give an amide with ammoni.a or with aniline at temperatures 
lip to 200°. H. W, 
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Xylylojcyacetio Acids. W. Glupd and P. K. Bbesj. 
{Ges. Ahhand. Kennt. Kohle, 1917, 2, 257 — 260; from Chen 
Zentr., 1919, i, 626). — Since the tolyloxyacetic acids are useful ij 
the separation of the cresols of low temperature tars, the authopj 
have investigated the corresponding compounds of the xylenol, 
^■Xyh/laxyacHic arid, long, slender needles, m. p. 118°, is oMainej 
in 35% yield hy the action of chloroacctic acid on p-xylenol in ft, 
presence of aqueous sodium hydroxide. The sodium salt y 
described. i-o-Xylyloxynretic acid, long, colourless needles ot 
thin, rectangular plates, m. p. 162'5°, is similarly obtained in $ 3 iv 
yield ; the sodium salt is crystalline. m-Xylyloxyarctic 
long, white needles, m. p. 14i'6°, is prepared in 51’5% vieH 
Ethyl ]s-tolyloxyncetate is obtained from ethyl chloroacetate ani 
sodium p-tolyloxidc ; it is an oil, b. p. 142 — 113°/11 mm., wliifij 
is converted by methyl-alcoholic ammonia into Y'-tolyloxyacetamii!/ 
m. p. 128°. H.IV, ' 

Trimethylene Disalicylate and Method of Preparing the 
Same. A. M, Clover (U.S. Pat. 1,286,944). — Trimothylene di- 
salicylate, CH;(CHs'C 02 -C 5 'n 4 ’ 0 H).,, is prepared by the esterifiea- 
tiou of the glycol with twice its weight of salicylic acid in preseiire 
of half i'ft weight of concentrated sulphuric acid at a tcmperatiirf 
not exceeding 100°. Excess of unchanged acid is' removed k 
washing (he product with aqueous sodium carbonate at 50°, snd 
the ester, which solidifies on cooling, is purified b,y crystallisatiop.. 
It is a colourless, odourless substance of m. p, 77°, and has anti- 
rheumatic properties. G, P. M 

Some Aromatic ^y-Unsaturated Ketonic Acids. E. 

CiuSA (Gassrtia, 1919, 49, i, 164 — 171). — Descriptions are given 
of a number of unsaturated ketonic acids, obtained by the roii- 
densation of pyruvic acid with aromatic aldehydes, IhOHO-^ 

CH,-co-(;o.,H = H«o -i- r-ch;ch-co-cojt, 

Benzylidenepyruvic acid (compare A., 1910, i, 684) gives vitli 
phenylhydrazone a compound, m. p. 163 — 165° (Erlenmeyer, 
1903, i, 698, gave m. p. 1,58°; 1904, i, 500), which dissolves iiiliot 
sodium carbonate solution, yields aniline when reduced with soclimn 
amalgam, and is converted by boiling with glacial acetic acid in » 
reflux apparatus into a compound, ra. p. 195° (decomp.), answer- 
ing to Knorrk pyrazoline reaction; it must, therefore, be regarded 
as a true phenylhydrazone. The acid yields a dibromidt, 
CHPhBr-CHBr-c6-CO,H, m. p. 124° (Erlenmeyer, loc. at., gave 
m. p. 138°, decomp.), decomposing at 166°. Benzylidenepyniyif 
acid jAnitrophenvlhydrazone gives a crystalline sodium salt, whitn 
has been analysed. , 

Cinnamylidenepyrnvic acid (loc. cit; also Erlenmeyer, loc- 
yields a methyl ester, Ci 4 H 4 .-, 03 , m. p. 126°, and a teimhtmn e 
CHPhBr-rCHBrl 3 -CO-CO,H,' which forms white needles, turnin? 
red at 200°. m." p. 218°. The ethyl ester forms (1) a Mn- 
bromide, C] 4 Hj 403 Br 4 , white needles, m. p. 118°, and a imimuf, 
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C H 03Br2) yellow needles, m. p. 86®. TKe plienylhydrazones of 
t,)Je acid and of its ethyl ester exhibit the behaviour of true 
hydrazones. 

?«-Nitrobenzylidenepyruvic acid, m. p. IIP (compare Baeyer and 
Tlrewsen A., 1883, 341), forms a sodium salt ( + H.,0) and a 
diiromide, N02-C5n4-[CHBr]j-C0-C03H, which crystallises in 
long, silky needles, m. p. 640. , , . 

n fUtrohe.mylidene'pyrum acid, C]jH;Or,N, forms shining, white 
needles, m. p. 117°. The dibromide, N02-CoHi-[CHBr],-CO'C02H, 
cTvstallises in white needles, m. p. 78°. 

4 nisyiid€nepyrumc acid, OMe'C^H^'CHiCH’CO'CO.^H, forms 
vcilow needles, m. p. 81°, and crystallises from alcohol with 
J-Bt'OH. Its sodium salt and its dibromuh, CnIIj^OjEr,, crystal- 
i'ising in white scales, m. p. 125°, were prepared. 

The compound, m. p. 137—138°, described by Ryan and Dnnlea 
(A 1913, i, 10S7) as 5-phenyl-3-styrylKooxazo!e is probably the 
3 -pheTiyl- 5 -styrylMooxazole obtained by the author and Terni (A,, 
1911 i, 918), action of hydroxytaniine on ciniiamoyl- 

benzoyl'niethane may result in the formation of two isomeric isi>- 


oxazoles. 


T. H, r. 


The Isomeric Tropic Acids. Alex. McKenzie and John 
K,-riF„„T Wood (T., 1919, 115, S28- -840). 

Preparation of 1 : 6 -Dihydrox 3 rnaphthoylo-benzoic Acid 
and its Salts, Gesellsciuft kCh (.uiemisciie lynrsTRiE in Basel 
(D R.-B. 311213; from Uheui. Zciitr., 1919, ii, 586). — 1:G-Dihydr- 
oxynaphthalene is condensed with idithalic anhydride or phthalic 
,icid in the presence of boric acid, and the acid is converted into 
its metallic salts by the usual methcKls; the presence of boric acid , 
causes the reaction to result chieHy in the production of 1 -.Mhydr- 
nr,maphllioyl-o-be»:ok mid, whilst in the absence of a condensing 
acent or in the presence of substances such as zinc chloude, 
])lit.ha!ehis are mainly or exclusively foniied. > ^ 
iiaphthoyl-o-benzoic acid forms coarse crystals, m. p. L26— . 
The following salts are described : monosodium salt, pale yellow, 
flat prisms; the disodhim salt is hygroscopic; monopotn,wum sM, 
yellow, rhombic or prismatic crystals; the dijiotiismim salt is 
sparingly soluble in alcohol or water; monocnUnim salt, pale yellow, 
coarse crystals; leml salt, yellow, powdery precipitate; copper salt, 
green powder. 1 ; 6-Dihydroxynaphthoyl-o-benzoio acid and its 
salts have a very sweet taste, whilst the corresponding ■ com 
pound and its derivatives are tasteless. The new acid and its salts 
form a substitute for sugar and other sweetening agents, and also 
intermediate substances for the manufacture ° 
printed, as for chrome colours, 1 : 6-dihydroxynap t oy o- 
acid gives bright greenish -yellow shades on cotton and wool whic 
are fast to light and washing, whilst the corresponding . 
yields orange shades which are much leas fast to hg . 
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The ci/cioPropane Series. E. P. Kohlrb and T. L. Davis 
tj. Amer. Chcm. Soc., 1919, 41, 992—1001. Compare A., laij 
i, 566, 570; 1918, i, 72). — One of the most characteristic properties 
of cyclopropane derivatives is the ease with which the ring 
opened by alkyloxides, with the production of a metallic derivative 
of an isomeric ethylenic ester. The action has been ascribed to 
the addition of the alkyloxide, followed by elimination of alcohol. 
In the present instance, the behaviour of methyl 2-phenyl-3-inetliyl- 
3 -hensoylcyclopropanedicarhoxylate has been investigated, since the 
elimination of alcohol is here impossible owing to the presence ot 
the methyl group in position 3; the substance, however, does not 
appear to he appreciably affected by sodium methoxide. 

The condensation of phenyl o-methylstyryl ketone and methyl 
malonate is best effected by means of a solution of sodium in dry 
methyl alcohol at the temperature of the steam-bath ; the product 
consists of a mixture of the two stereoisomeric fonns of melhijl 
y-h€}}zoyI'^'phenylprop}/lwoIonat€y 

■C0Ph:CIIMe-CHPh-Cn(C0.iMe), 

(m, p.’s 91—93° and 88—90° respectively), in addition to a con- 
siclerahle amount of oil. Each of the esters can he hydrolysed to 
the corresponding acid (m. p. about 160°, and thick needles, m, p, 
67°, respectively), from which the y-benzot/I-^-phent/Irnleric adifu 
(silicy needles, m. p. 115—117°, .and small, transparent needles, 
m. p. 93—93°) are obtained by elimination of carbon dioxide; 
when treated with methyl alcohol and hydrogen chloride, these two 
acids yield the same vic/h/l ester, large, rhomlj-sliaperl prisms, 
ra, p. 93° (which probably has the same configuration as the dibasic 
eater, ni. lo. 93°), whilst with bromine in carbon tetrachloride solu- 
tion they give y-brnmo-y-henzm/l-^-phenplvaieric acid, fine needles, 
m, p. about 160° (deoomp.), from which y-bemopl-^-pheniil-y- 
mefhplbuti/rohcinne, flat, six-sided plates, m. p, 93°, is obtaine.l 
by tlie action ot sodium carbonate. 

■ The stereoisomeric methyl y-benzoyl-;S-phenylpropyImaloiiates 
readily react with bromine, yielding the same products, namely, a 
small amount of methyl y-bromo-y-bemayl-S-phenylpropylmriiotifilf.^ 
short, coarse needles, m. p. 114 — 11-5°, and an oil; the position ot 
the bromine atom in the solid compound is deduced from its con- 
version into melhyl-y-heinoyl-P-phenyl-y-methylbutyrolartmt- 

carboxyl ate, colourless plates, m. p- 85°, when heated, and the 
identity of this substance with that obtained by the haIf-hydroIysi5 
of the saturated ketonic ester and the action of bromine on the 
ester-acid. The action of potassium acetate on methyl y-brom^ 
■;/-hen2oyl-j5-phenylpropylinalonat« yields methyl 

phenyl-3-methylcjc\opropnned{carbort/hte, (COoMe),,C<[|tjj^g^i 

narrow prisms, m, p. 101°, which is not oxidised by permanganate, 
but is readily reduced by zinc dust and acetic acid, yielding _ e 
saturated ester, m. p. 91—93°, as sole product of the action, li» 
ester acid, unlike the derivatives of cycZopropane previously sra - 
is insensitive to alkyl oxides except in the presence of mois m > 
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when it is hydrolysed to the correspoudiug acid ester, Uiree sided 
ijrisnis, m. p. 162°. 'iSeiiioi/l-%]/hcnyl-3-inetlii/!cyc\oi»oi)aneeti- 
earbo.ri/lic acid, needles, ni. j). 176—178° (decomp.), is obtained 
by complete hydrolysis of the corresponding ester, into which it is 
reconverted through the silver salt; when treated with methyl 
alcohol .and hydrogen chloride, on the other hand, the sole jirodiict 
is a very stable, crystalline comiiouml, CjsHjsO., in. ji. log s — 

159-5°. . , . 

The oily material obtained during tbe broniination of the methyl 
benzoyl-^-phenylpropylinalonates was treated with potassium 
acetate, whereby a small further quantity of the cyclopropane 
ester already described, and an ethylenic isoiiieride, stout needles, 
jii. p. 129 — 131°, were isolated; the latter is not reduced by zinc 
dust and acetic acid, and hence is not a cy/clopropane derivative. 

Its most characteristic property is the readiness with which it is 
transformed by bases or mineral acids into an isomefic ester, 
hexagonal plates, m. p. 145°. On hydrolysis, it yields an ester 
acid needles, m. p. about 189° (dccoinp.), and a dibasic acid, 
needles, m. p. about 180° (deconip.); tliesc compounds, however, 
are probably derivatives of the ester, in, p. 145°, since this ester 
is obtained when the acid is esterified either by the silver salt 
method or by methyl alcohol and hydrogen chloride. H. W. 

Condensation oi Phenyl yS-Aminoethyl Ketone with Nitro- 
malonaldehyde. William J. Halb and Edgar C. Britton ( J . 
Amer. C'hetii. Soe., 1919, 41, 1020 — 1026). — In continuation of the 
work of Hale and Hoyt (A., 1916, i, 71) and of Hale and Honan 
(this vol., i, ), the condensation of sodium nitronialoiialdehyde 
with a methylene group activated by the [ireseace of a neighbour- 
ing carbonyl group has been studied. 
a-Xitro-h-b enioyUthylaminoacrMehjde, 

COPh-CH.pCH.2’NH-CH:C(NOj)'CHO, 
small prisms, m. p. 153°, is readily produced when an aqueous solu- 
tion of molar quantities of sodium nitronialonaldehyde and phenyl 
i8-aminoeihyl ketone hydrochloride is maintained at 50° for some 
hours. When twice the relative amount of the amino-ketone 
hydrochloride is used and the solution is treated with a little sodium 

hydroxide S.mtro-a-beniouleihylamino-y-benzotjletlDjUmimpro- 

pylere, cbph-[CHj 2 -NII-CH:C(_Na)-CH:N-[CH,] 2 -COPh colour- 
Ic-s clusters of needles, m. p- 145° (^platinickloriae, rn. p. aiUo ), is 
produced, wliich is decomposed by boiling concentrated hydro- 
chloric acid into the nitroacraldehyde, m, p. 153 , and pheny 
S-aminoethyl ketone; the compound can also be obtain^ by addi- 
tion of sodium hydroxide to au aqueous solution of ^ roacr- 

C(N02)===CH. 

aldehyde. iSiiro-S-phenaci/lpijf'i'ohj CHtC(CH,’OOPb)’^^ ' 
is formed by the condensation of phenyl g-aminocthyl ketone 
hydrochloride and sodium nitromalonaldeliyde in aqueous-alcoholic 
solution in the presence of sodium hydroxide, oi from enzoy e y 
aminonitroacraldehyde under similar conditions, i orms sma , 
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lonion-yellow prisms, m. p. 170° (th& 2^<iii7iichloride ilecomposejj 
above 300° without melting). Attempts to oxidise the substauj^ 
to a nitropyrrolecarboxylic acid were unsuccessful. The yield oi 
the pyrrole derivative is only moderate, and the alkaline mother 
liquors from the preparation yield, on acidification, a red 
auiorplious precipitate, decomposing between 127° and 132°, which 
appears to consist of 3-mtro-5-amino-l-bciizoi/lcyclo]ietii(uli(}if> 

H. ^V, ’ 


Condensation o£ Deoxybenzoin and Aldehydes. Asakiu 
Kisore Das and Buojendra Nath Ghosh (T., 1910 115 
817—890). 


Condensation o£ Deoxybenzoin with Aromatic Aldehydes. 

Bawa Kaetar Singh and Jatindua Kumar Mazumdak (T 1515 
115, 821—825). 


Action o£ Potassium Ferricyanide on Alizarin in Alkaline 
Solution. II. R. Scholl and A. 2)inke {Bcr., 1919, 52, [id 
1142—1160. Compare this vol., i, 25). — Addition of bromine to 
hydroxynaphthaquinouylvinylglyoxylic acid leads to the formation 
of $-[‘2-hi/drox>/-\ : i-mphtlutfiiiinoni/l -Z-viiiylyli/oj i/lic add di- 
bmiiiitle (T), m. p. about 150° (decomp.) after softening at aljoin 
83°, which slowly loses hydrogen bromide at the ordinary tcinpcia- 
ture and forms a mixture of cumariuoid (a) (II) and cumaroid (6) 


0 

II 

/\/\ 


lOH 

iCHBrCHBi-CO-COjH 


/\/" 


)0H 


1 I lC=C'CO'CO.,H 
V Br 


(I-) 


( 11 .) 


|OH 

Uc=:CBr 


^-[l-hydroxy-l : i-iiaphthaqtdnomjl-Z]-a-hromot'imjlijlijosylK aritls 
^ (III), which could not bo separated owing 

II to their instability. 

Cumaroid Series. — Methyl 

: i-iLaphthaqiiiudTbyl.^ya.hromomi’jl- 
\/\/ O'l/oxylute, yellow prisms, ni. p. 217° 

H CO*CO.,H (decom]).), is obtained mixed with roeilijl 
, naphthafurylquinonylglyoxylate by tlie 

action , of boiling methyl alcohol on the 
crude dibromide; the acetyl derivative forms pale yellow, shiiimg 
leaflets, m. p. 188 — 189°. The ethyl ester has m. p- 158°. 
Cautious hydrolysis of the methyl ester yields the corresponding 
acid, m. p. 171 — 172° (deconip.) after previous darkening and 
softening, which is transformed by boiling water into naphtha- 
furanquinoiie (see later), imd by boiling xylene into a crystiillins 
acid, ni. )). about 251 — 252°. When heated alone at 100° or wid 
alcohol, it is converted into hromobeuzeumarinquiuone. 
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0 


0 


/\/\/\cO-COjMe 

! I — ' 


treated with methyl alcohol and hydrogen chloride, iL re-l'oiiiis the 
ircthy! ester, m. p. 216 — 217°, Mdhylfinaphthojuryl-’i-.is-quiu- 
une-l-glyoxylate (annexed formula) 
crystallises in reddish-yellow needles, 
in. p. 222 — 223^, whilst the correspond- 
ing cthi/l ester forms reddish-yellow 
needles, in. p. 187° [i/hciifflhijth'azmie, 
brown needles, m. p. about 208—210°); 
the latter is oxidised by dilute nitric 
acid at 200° to phthalic acid, The 
esters are converted by methyl-alcoholic potassium hydro.xide into 
a green salt, which is rapidly oxidised by air to a red salt, the 
latter being derived from naphthaturaiiquinonecarboxylic acid 
(annexed formula), the former from its 
0 Q dihydro-derivative. The add itself forms red 

II X. crystals, m. p. 298°, and yields a sodium salt 

/\/ N/ XOjH which dissolves sparingly in water, When 
I I I Ji distilled alone or, preferably, with lime, it 

\/ y' passes into $-naphtiiafumn-3:S-qtiinone (3:4- 

0 pktkalyljuran), in. ji. 210°, which is also 

obtained by boiling crude liydroxyiiaplitha- 
(jiiiuoiiyibromovinylglyoxylic acid or pure ;8-hydroxyiiaplitha- 
quiiicuyl-a-brornoviuylglyoxylic acid with water. It yields a momi- 
liiMiylhijdrazune, purple needles, m. p. 158—159°, and a dibromide. 
reddish-yellow crystals, m. p. 112 — 114° (decomp.), after jircvious 
softening, which slowly loses hydrogen bromide at the ordinary 
temperature. When boiled with glacial acetic acid, the dibromide 
is converted into a mixture of 1- and i-hromonaphthaiuranquin- 
oiies, yellowish-red leaflets and red needles, m. p. 167 — 168°, after 
much softening. 

t'umariiioid Series. — 4 ; o-liemciiimrm-3 : 6-(juiiione (3 : 4- 

fhthalyl-a-pyrone) (anne.xed formula), brownish- 
yellow crystals, in. p. 214 — 215°, is obtained by 
cautiously heating silver hydroxynaphtha- 


0 


/\/\/\n, 


I 


iCO quiuonylvinylglyoxylate in a current of carbon 


v\/\/ 


dioxide. l-5/’omo*4 ; ^-hejncunKirin -^ : ^-qninonc 
is prepares! by the action of boiling alcohol on 
0 crude hydroxynaphthaqiiinonylbroinovinylgly- 

oxylic acid ; it forms yellowish-brown needles, 

m. p. 224 — 225°. 

2:2-Dibromo'l : S-diltetnliydrindene, m. p. 175—177°, is obtained 
by the action of an excess of boiling bromine water on hydroxy- 
uaphthaquinonylvinylglyoxylic acid. H. \V. 


The Basic Properties of Phenanthraquinone. Joseph 
Knox and Helen Reid Will (T., 1919, 115, 850 — 852). 

Studies in the Camphaue Series. XXXVII. Aryl Deriv- 
atives of Imino- and Amino camphor. Martin Onslow 
Foesteh and Hans Spinnek (T., 1919, 115, SS9— 805). 
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Ozouisation oi ajioBornylene and o£ the difierent 
Fenchenee, Constitution oi these Hydrocarbons, k g 

Eosohier {Acad. Sd. Fennieae, 1919, [4], 10, 1 — 83; from 
Zentr., 1919, i, 726 — 730. Compare Komppa and Heiitikka A 
1912, i, 278 ; 1914, i, 557). — ojtoBornylene is a mixture of two 
isomeric hydrocarbons, one of which is the actual apobornylene (li 
whilst the other is tricyclic a/wcyclene (II) . Fenchene is a uJij’ 
ture of at least five terpeues, two of which are semicyclic 
endocyclic, and one tricyclic. Ozonisation of d-fenchejj 
(Wallach’s Tld-feuehene) has confirmed the formula (III) for 
whilst the formula IV may be ascribed with certainty fj 
jS-fenohene (Wallach’s D-rMenchene and Semmler’s Mofeadiene) 
The fenchene, b. p. 145 — 147°, is mainly ring-unsaturated and 
probably has the constitution (V). The fenchene of lowest boil- 
ing point is identical with Semmler’s isoaHofenchene (VI). A 
small amount of cydofencheiie (VII) identical with Aschan's 
j3-pinolene is contained in the fractions of fenchene of lowest boil- 
ing point. 


CH^-Oll CH 

I yMej j! 

CHs-OH CH 


('.) 


CHj-CH CHj 

I CMej j 

CH CH 


\,. ■ 

CH 

(II.) 


CH.,~CH CH, 

I I 1 
CMe, 

cH,-cii — c:ce, 


(III.) 


McjC CH CHa 

I ! 

CHj-llH— c:CHj 
(IV.) 


Me,C CH- 

i 

Clij'-CH- 

(V.) 


■CH 


■CMe 


Me,C CH CH 



CHj— CMe — CH 


CH, 



(VI.) 


CMe 

(VII.) 


apoBornylene was prepared from camphenilole by the xaiithate 
method and from camphenilone through the dichloride; the P** 
duct obtained by the first method was a completely solid, viscoo:, 
camphoraceous mass, m. p. 38°, b. p. 138°/760 mm,, whilst t i 
obtained by the second process, b. p. 138 — 139°, vras oily at ) 
ordinary temperature, but solidified when moderately coo 
Attempts to prepare apobornylene by the distillation o 
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camphemly amme phrephate m a current of carbon dioxide were 
unsuccess ul, the oripnal amme being recovered. Ozonisatiorof 
upcbornylene yielded a normal ozonide, C„H, 0 vnl„n„n “ 
white powder m. p. 55° (de^mp.), which became ‘transformeS 
a brown oil after some months; it decomposes quietly when heated 
Fission of the ozonide by warming ife solution in acetic acid yfelded 
mainly three fractions; the most volatile was an oil, which did rot 
reduce Fehling s solution, gave no semicarbazone, and probablv 
consisted of apocycfene acetate. The middle fraction was aldehvdic 
but contained some peroxide; it could not be purified by means of 
a ciystelline semicarbazone. The ^pobomglenediaklehyde was so 
unstable that it became resinified for the most part durinc dis- 
tillation, and was converted into opocamphoric acid by treatment 
with potassium carbonate. opoCamphonc anhydride in n 
174—175°, was obtained from the least volatile fraction ’ ' 

When the ozonide of apobornylene obtained from camphenylone 
dichlonde was decomposed in acetic acid solution and the latter 
was distilled, the distillate was found to conUin nuocvchne 
(20-30% of the opobornylene taken); the latter is not ^attacked 
by ozone and is extraordinarily stable towards permanganate. It 
is a readily volatile, crystalline substance with a sweetish but 
rather irntating, odour. It has m. p. 42-5— 43 ° b. u 138— 

764 mm., D)* 0'8710, < 1-45144, mol. ref. 37-80 (calc for tri- 
cyclic, C,H„, 37; 16), nf 1-44910, 1-45686, 1-46190. auo- 

Bomylene, obtained by the xanthate process, contained 62% of 
upocyclene. Treatment with acetic acid in the presence of 

sulphuric acid converted npocyclene into the acetate, b. p 81 82°/ 

8 mm.,. Dr 0-9971, 1-4623, ref 1-4601, 1-4729 It was 

hydrolysed to an alcohol, which was not obtained in a state of 
purity owing to lack of material, but which was identified as 
^-fenchocamphorol by its oxidation through jS-fenchocaiuphorone 
to apofenchocamphoric acid; the latter could be separated into 
ta^-apofenchocamphoric acid, m. p. 144- 145°, and )3-fencho- 
camphorone, m. p. 60—63°, characterised by its semicarbazone 
m. p. 200—201°. 

The a-fenchene was obtained from fenchyl chloride, and had 
b. p. 155—160°. Dr 0-8670, 1-46729, -32-32. The 

ozomde was a viscous, colourless oil which did not explode when 
heated, and contained more highly oxygenated products than 
the normal ozonide.^ After fission, it yielded about 50% of 
a-fenchocamphorone (identical with Wallach's Dcf-fenchocamphor- 
one), b. p. 198 — 200° (semicarbazone. m. p. 220 — 221°). In addi- 
tion, there were formed a neutral, aldehydic. yellow oil, b. p, 
which could not be purified, and o-fenchenylanic acid 
[j : 7-dimethyl-l : 2 : 2-ftfcvc/oheptane-2-carboxylic acid), m. p._ 
a ^ soluble in hot than in cold water;; 

the anilide forms silky needles, m. p. 149’5 — 150°. 

The specimen of (9-fenchene employed was obtained by distilla-^ 
ion of r-fenchyl alcohol with potassium or sodium hydrogen 
sulphate in a current of carbon dioxide. It was separated into 
VOL. CXVI. i. ^ 
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three fractions by repeated distillation, til* moat volatile of wtidj 
was purely endocyclic, the least volatile pill*ly semicyclic, accord- 
ing to optical analysis; /3-fenchcne was contained in the fraction, 
b. p. 151—153°. P-Fenchene ozonide forms a viscous, ayrupj oil 
which contains more highly oxygenated products than the nomjl 
ozonide. Fission yielded impure fenchocamphorone, which was 
identified by its semicarbazone, m. p, 193 — 195°; further oxidation 
of the liquid ketone led to the isolation of a little upocamphoric 
anhydride (thus proving the presence of o-fenchocamphorone as 
impurity), and mainly to opofenchocamphoric acid (4 : 44imethyl. 
cacfopentane-l:3-dicarboxylic acid), prisms or monoclmic plates, 

JQ p 144 145°; since the acid cannot be converted into an 

anhydride in the usual manner, it must be a (ro-ns-form; the zke 
salt, which is less soluble in hot than in cold water, is very 


cli&r&ctcristiC" 

The intermediate fraction of the hydrocarbon mixture, b. p. 

145 147°, behaved on ozonisation as a compound unsaturated in 

the ring ’ It is a mixture of two hydrocarbons, one of which is 
fsooffofenchene (VI), whilst the other probably ha^ the constitutica 
V Fission of the ozonide yielded mainly a dialaehyde and a 
ketiHicul. The dialdehyde, is a mobile, yellow oil b p, 

118— 120°/10 mm., 1-0215, i>V 1'4TO0, n, 1-4677, n, l-481o, 
which is very unstable when exposed to air, and could not 
be isolated in the pure state; ita dkmicarhazone crystallises in 
fine granules, m. p. 219°. The crude aldehyde fraction contained 
also! small quantity of r-dVfsofenchocamphojrc acid, Tbekec 
acid, C,„H,,,03, forms a viscous, yellow oil, D4 1 0924, % 14<(4, 
which could not be caused to crystallise, and was puiiM 
by means of its semicarbazone, m. p. 220—2.41 ; it contains the 
rOMe vroup since, when treated with bromine and alkali, it 
S brolLni and a dibasic acid, CnH,0 Pr--. - ,P. 
147-148°, which, contrary to expectation, is not identical with 
opofenchocamphoric acid obtained by the oxidation °f 

Ksdon'rf The”otrd7or^^^^^ the 

of the |8-fenchene hydrocarbon mixture yielded “ 

acidic components, together with a small ^ “ 

smelling, oily befone, PThfsultances 

could be oxidised to an nctd, probably CgHiA- ^ 

could not, however, be fully inv^igated ^ laA of 

The acidic fraction contained the keto-acid 
small amount, together viith 

173—174°, and an aldehvdie acid which, on ^ tj,, 

transformed into cisWenchocamphonc 

fraction to consist mainly of was'not attacked by 

The small portion of this fraction which 

ozonisation consisted of the j 42'73. » “ 

h. p. 143—143°, Dr 0’8624. 1-45364, mol. ret. 
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shown to b© identical with Aschan s j8-piaolene rVTT^ k, * 
version into the hydi'odUoride, m. p 26 28° Tli I 

ha» m. p. b. P. mo/ 12 mmrDri.2389 

mol. ref. 52-04. Like ^-pmoleue, it could be convert^ 

H. W. 

Behaviour ol an Alcoholic Solution of T.,.i a x . 
towards the Resinous Substances of ColopW I 

PauL (EMoid Zeitsck, 1919, 24 , 95- -104, 129-13^ lesLmi™ 
The first section of this paper deals witli iU^ ■ ’ \ v.:'~ 

ivork of TacMrch (''Die C. und Ha^behtr^^rr?^ 
r&ume of the results and conclusions drawn is given and ft » ' ^ 
entically discussed. In the third section ‘0 “ S: 

behaviour of theremous substances of colophony are described A 
.o ution 0 powder^ eolophony is made 1,1 5% sodium hydroxide 
which onjreatment with sodium chloride solution deposits grev l 
whi^te needles; the mother liquor, on treatment with hydrochloric 
acid, gives a precipitate which after washing is oracticanv Til 
soluble m water^ On precipitating this solutioO with^a few drops J 
hydrochlonc acid an acid, m. p. 123°, is precipitated. Thfs i 
^-Ai«-resin acid Ccolophony water soluble resin-acid) The 
haviour of the various solutions of colophony with alcoholic solu 
hons of lead acetate is also studied, and it is shown that the 
s arting material in all previous investigations is the colloidal sub 
stance y.pinic ^id, m. p 75-76°. This substance is slowly decom- 

ScollLal\^“ “‘TrT’ alcoholic solutions. 

The colloidal behaviour of the components of colophony, particularly 

m their changes, is probably due to special holding power which 
re,uiiou8 substances are able to exert on one aiiothe?, and thereby 
an apparent formation of new chemical substances occurs. The 
residue from the KL substances soluble in sodium hydroxide fur- 
nishes an example of this type of substance. These extraction resi- 
due., must not be confused with the decomposition products, which are 
obtained on waAmg, through the changes occurring in ,8-pinic acid, 
m. p. 9S— too , and those are probably the substances from which 
lossil rrains are produced. Just as the resinous substances of ten form 
weak, hub well-crystallised, compounds with hydrocarbons by yirtne 
ot the holding power mentioned above, so y-pinio acid forms similar 
weak compounds with ethereal oils which constitute the turpentine 
nsins. The method used by Tscliirch leads to new substances 
w iich are not present in the original material. This is particularly 
■ 1 iTv m* amorphous substances of low melting point 

isolated by Tscliirch from recent fossil resins. A method of separa- 
tion, due to Tschirch, which loads to the acceptance of three abietic 
Mds ( 0 , and y) is to be regarded in the above sense. Although 
e u?e of alcoholic lead acetate does not destroy the colloidal con- 
mtion of the substances treated with it, for example, in the case of 
! pinic acid, yet a change in the so-called colloidal constitution is 
0 observed. Under the term colloidal constitution the author 
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understands the method of combinatio^jK^e number of mole, 
cules of colloidal water in the molecule j^™»e distinguishable by 
the tannoid properties of the correspohd^Wsm soaps and by the 
decomposition and associating properties ot^the free mm 
Just as 7 -pinic acid retains its colloidal water under treatm^ ;^ 
lead acetate, so y-pinic acid in its weak hydrocarbon 
retains the hydrocarbon when precipitated by the same 
True resinous substances are to be distinguish^ irom resia-lilte 
substances. The former differ from the latter in their power oI 
passing into crystalline substances, the socalled absolute lesias, 
whereas the latter are not crystallisable. The colophony substance 
is in consequence of its colloidal nature, a living substance, which 
does' not come to rest until the colloidal water is used up and 
thereby a labile equilibrium is set up. The stable condition is 
probably reached in amber. J- J*- S, 


The Mutual Influence on the Electrolytic Conductivity oi 
GaUotannic Acid and Boric Acid in Conne^on with the 
Composition of the Tannins. J. Boesekbn and W. M Dsesm 
(Froc. K. Akad. Wetemch. Amsterdam, 1919, 21, 907 
^searches of E. Fischer have shown that the tannin of the gall mil 
consists principally of a mixture of the pentadigalloyl ethers oi 
«- and B glucose, and if this is the case the influence of the conduc- 
tivity of ttiis substance on that of boric acid should be considerabh 
Experiments have therefore been performed on the conductivity ol 
soMons of methyl gallate and of the tannin of the gall nut in tlic 
Leuce of boric acid ; tl.e increase in conductivity is very cons, er- 
able and markedly higher in the case of the tannin than m that o 
the methyl ester, thus agreeing with the presence in the tanmi. oi 
en pairs of favourably situated hydroxyl groups in every mole^uk 


Tannins II. Chebulic Acid. Karl Freudexbebo (Bcr, 
Idiq 52 rsi 1238-1246).-Chehulio acid is a moderatdj 
teong acid in which the presence of a free carboxyl group has pre«- 
ously^been assumed, and this hypothesis is now further _ 

It cLnot be hydrolysed by tamiase, 

inhibiting action of the acid group. far more rapidk 

solution, the acidity increases i>art.cularly 

to. ‘1 “'gtoiS' 

— o.; •] 

the ’solution, and extraction of isolate 

acetate, an apparently new, P have not vet 

in the form of its thallinm analyse trapiesrs ^ contain 
yielded absolutely concordant i? * to thallium 

L.6% of water and to appro^mate tannin, 

gallate; it ^as +3 ° ^ IteolSfuchtion. ani 

mentioned above has [o]d +=5 ( w.-rther work on chebulic acid 

appears to be a digalloyl glucose. indicate that the 

is promised, but the results so far obtained seem to indic 
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^ removed by addition of halogen acid, Ld, in tZ part” 
i5n1^”“’ precipitation of highly-clCed 

Pyrylium Compounds. IV. Hydroxvnvroninnf 
their Pseudo- and Anhydro-bases. W. ®? 9 | q’ 

52, [iij. 1195-1207).-Th6 previous work (A. 1917 578 fimi 

has been extended to the anthocyanidines ^ 

Phenyl styryl ketone and Fmethoxyacetopheuone react with 

f™ the ^rcn salt 

a,H,ACl 4 Fe, red prisms, m p. 25i-255o, which is converterby 

dttn..-one, 0M6-C„H,-C(0H).CH-CPh;CH-C0Ph, almost ™lour- 
less, transparent prisms, rn, p. 105-106° {ptcrate, slender, orange 
needles, m. p. 237-238°), which is slowly 
attecked by boiling alcoholic potassium hydr- 
oxide solution, yielding anisic acid. De- 
methylation of the enol is effected by hydro- 
chloric acid at 160°, whereby 2:i-dipheni/l-S- 
^■iijjdroxyphiiiiylpyrijlitini Monde (annexed 
formula) is formed in dark yellowish-red 
prisms, m, p. 293—294°. When a solution of this salt in pyridine 
is treated with alcohol and much water, it yields a-hydroscy-yMi- 
phenyl - o - p ■ hydroxypkenyU^y-pentadien -t-one, slender, yellow 
needles, which darken when heated and have 
the same m. p. as the anhydro-base ■, the latte#* 
(annexed formula) which is best prepared by 
the action of heat on the eirol, forms violet-blue 
aggregates, m. p. 164°. 

yi-Hydroxyphenyl styryl ketone Condenses 
with p-hydroxyacetophenone in the presence of 
zme chloride and acetic anhydride to yield a complex zinc salt, from 
which the platzmchloride, C,„H,,0„CI„Pt, microscopic, orange 
needles ni. p. 258 259°, is obtained by double decomposition ; the 
zinc salt 13 transformed by sodium acetate into the diacetvl earn- 
poit-m of the psemfo-base, 

OAc’CcHpC(OH):CH-CPli:CH-CO-C6HpOAc, 

almost colourless, silky needles, m. p. 122° (acid picrate, long 
yellow needles, in. p. 232-234°; perchlorate, orange-yellow, si^ 
sided platelets, m. p, 249 — 250°). 
When treated with hot hydrochloric 
acid, the acetyl groups are removed, 
the chloride of the cyclic base being 
formed (annexed formula) ; it forms 
very stable, orange leaflets (-i--|H,0), 
which do not melt below 320°. It may 
s* 2 


CPh 

Hp'OjH'Cli^^'CPh 
oOl 


CPh 

o:c,H,;c!^^cPh 
u 


CPh 

hc/’^ch 

HO-C,H,-o!(^^C-C,HpO(T 
OCI 
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also be prepared by demethylation of a-hj^oxy-y-phenyl-aj^ 
anisyl-A"r-pentadien-e-one with hydrochloric eljcid at 160°, Thecot^ 
spending perchlorate (+iH,OUa, 
m. p. 296 — 298°. The anhydn.'^^ 
(annexed formula), slender needles 
decomposing at about 340°, is 
veuiently prepared by addition of 
sodium carbonate to a solution of 
the perchlorate or the chloride being too sparingly soluble 

for this purpose. When a solution of the base in pyridine is cjuti. 
ously treated with alcohol and water, a-hydroxy-y-phenyl-ae-di-v^ 
hydroxy phenyL~^'''i-ptr>tadien-t-one, 

OhI-C,;HpC(OH);CH-CPh;CH'CO-C„H4-OH, 

is precipitated in almost colourless, coarse needles which do not show 
a definite melting point; when heated at 130 — 140° it is re-con- 
verted into the anhydro base. H. W. 


Cryptopine. 11. William Henry Perkin, jun. (T,, 1919 116 
713—790). 

A New Method for a Separate Extraction of Hydrastin# 
andBerberine from Golden Seal on a large Scale. Elsa 
Schmidt (.4mer. J. Fharm., 1919, 91, 270 — 275).— Hydrastine ii 
extracted from golden seal by percolation with benzene contsininj 
a trace of ammonia, and is isolated by extracting with 3% sulphuric 
acid and precipitating with ammonia. From the residual drug 
berberine is extracted by percolation with dilute aqueous acetic 
acid, and isolated as its hydrochloride by adding hydrochloric acid 
to the percolate. The author reviews the properties and uses of 
the two alkaloids, and the methods available for their detection and 
estimation. G. F. M. 


Action of Hydrogen Peroxide on Sparteine and 
isoSparteine. Amasd Valeuk and E. Luce {Compt. rend., ISIS, 
168 , 1276 — -1278). — Sparteine dioxide, CijlLjOaNo, obtaiued by 
the action of hydrogen peroxide (compare Wackeniagel and Wolfen- 
stein. A., 1904, i, 917), is a strong base. Tis hydriodide is not 
decomposed by potassium hydroxide as stateil by Alireus (compare 
A., 1887, 1056; 1891, 842; 1893, i. 232), but, on the other band, 
the base in cold concentrated aqueous solution decomposes potassiiniL 
iodide. The hydriodide, C, 5 lI|^O.iN|yIII, is reduced by hydriodic 
acid, giving 'S-hydroxysparteiiie periodidr,, (J,r,H»0N2(OH)I,Ic, m- P- 
134°, which on further reduction gives a sparteine penoddf, 
C,5H,jN2,2HI,l2, m. p. 187°, The hydriodide of hydnaysiiartm 
iodide, Ci 5 H. 28 N,(OH)I,ni, has m. p. 256-260°, Sparteine diovide 
gives a viethiodlde, C, 5 H 2 „ON. 2 (OMc)I, m. p. 130°, which on ied»c- 
tion loses its methoxy-group and gives sparteine. 

isoSparteine resembles sparteine in its behaviour towards liydio- 
gen peroxide. It yields kosparteine dioxide, m. p. 115’5°, a sttonf 
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base, which decomposes potassium iodide in concentrated solutions 
giving an iodide, Ci 5 H 250 N 2 ( 0 H)I, 2 Hj 0 , m. p. 83°. The corre- 
sponding bromide has m. p. 107 — 109-5°. ^ (j 

The Constitution of Surinamine. E. Winterstein {Zeitsch. 
physiol. Chem., 1919, 105, 20 — 24).- The author agrees with Gold- 
schmidt (A., 1913, i, 643) that surinamine is A'-methyltyrosine. He 
prepared the latter substance by the method of Eriedinann and Gut- 
inann (A., 1910, i, 741), and found that no toxic action followed the 
administration of 0-5 gram to a rabbit or 1 gram daily to a dog. 

Surinamine (ratanhine), according to Goldschraildt, i.s optically 
active, [a]n = — 13'6°. An attempt to resolve the synthetic and 
inactive compound by the aid of Penieilliiim was imsnccessful. By 
subjecting the A-methyltyrosine to the action of putrefactive organ- 
isms a base was formed which was identified as p-hydroxyphenyl- 
ethylmethylamino. ' ,7 f 

New Additive Compounds of Quinoline with certain 
Inorganic Salts. James H. \Vai.tox and Chuax Lrar, Iiaxb 
(,/, Amer. Chem. Zoe., 1919, 41, 1027 1028).- -Tlie following com- 

pounds were obtainerl by saturating synthetic quinoline with the 
requisite salt at 100 °, allowing the solution to cool to the tempera- 
ture of the room, and separating the crystals: Quinoline silver thin- 
cyiinate, 2 Ci,H 7 N,AgSCN. small, wliite crystals; quinoline mereurie 
thioeyo-nate, ?C 5 H;N,Hg(SCN)., pale yellow crystals ; quinoline mer- 
t.urons thiocynnnte, 2C,lT;N,HgKCN, small, colourless, shining 
crystals; quinoline eiiprie ihineynnntr, SCdlbN.GCnfSCNb, small’ 
yellow crystals; quinoline enprnin ihioei/niinte, 2r,H-NX!nSCN, 
yellow needles; quinoline sine fteetnie, ('jTtN.Znfr TT„Ol),., colour- 
less, crystalline powder; quinoline cadmium aeefafe, 

20 ^H;N,Gd(aH; 0 ,).,, 

colourless, crystalline powder. Manganese and cobalt acetates are 
also readily soluble in quinoline, hut do not appear to form .additive 
compounds under the experimental conditions used. H. W. 

Intermediates used in the Preparation of Photosensitising 
Dyes. I. Quinoline Bases. L. A. Mikeska, J. K. Stewart, 
and Louis E. Wise (/. 7nd. Enq. Chem., 1919, 11, 456—458). — 
The parent base.s required for the production of tlio photosensitising 
dyes, pinaverdol, pinacyanol, and dIcyanine are quinoline, 2-inethyl- 
(|iiinoiine, and 2:0- and 2 :4-diinetIiylquinoUnes. The well-known 
methods by which these bases m.ay be prepared from aniline or tolu- 
idine have been investigated and certain modifications are proposed, 
which make it possible to work successfully with hundreds of grams 
of reagents at a time. The chief innovation is that extractions with 
etlier are employed instead of steam distillations. ,T. C. W. 

Intsrmediates UEed in the Preparation of Photosensitising 
Dyes. II. Quaternary Haloids. Carl H, Lcxd and Louis E. 
Wise {J. Ind. Eng. Chem., 1919, 11, 458- 460). — The quinoline 
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bases mentioned in the preceding abstract are treated with an eqni 
molecular quantity of methyl or ethyl iodide in a round-bottoiipjj 
flask connected with a reflux condenser, care being taken to modify 
the reaction by cooling when it has once set in, except in the case of 
the bases with methyl in position 2, which require prolonged heat- 
ing on a water-bath. The quaternary iodides obtained by the 
authors usually melted .at the published temperatures, but Wglier 
figures are given for 2 : 6-dimethylquinoline methiodide, m. p 
246 — 247°, and 2 ; 4-dimethylquinoline ethiodide, m. p. 223 — 2250^ 

J- C. W. 

Synthesis of Photosensitising Dyes. Pinaverdol and 
Pinacyanol. Louis K. Wise, Elliot Q. Ao.eMs, J. K. Steiiubt 
and Carl H. Lund (J. Ind. Eng. Chem., 1919, 11, 460— 463)._1 
The authors have prepared about fifteen dyes of this type by 
following the instructions of the original German patents (D.E.-P, 
167169 of 1903 and 172118 of 1905). A product which they 
designate Pv 1 is identical with the German pinaverdol or tbi 
sensitol-green of the Ilford Ca It is made by slowly addiiii! 
sodium methoxide solution to a solution of dry quinoline mett 
iodide in boiling methyl alcohol, and allowing to cool slowly, it 
resembles splinters of brass in appearance, the crystals being moiKV 
clinic; a;o ; c=l'10I4:l : 1'6053, 13=88°20'. Another product, 
Pc IX, is identical with pinacyanol or sensitol-red. It is obtained 
by adding a mixture of sodium hydro.xide and formalin to 1 
boiling alcoholic solution of quinoline and quinaldine ethiodides, air 
being first expelled, then diluting somewhat with boiling water and 
allowing to cool slowly. It crystallises in liistroiis, bUiirb-green 
needles. There is no real evidence that quinoline ethiodide enters 
into the reaction at all, and if it is replaced by potassium iodide, a 
dye, Pc X, is formed, although in poor yield, which is very prob- 
ably identical with Pc IX. lake Pv 1, Pc IX is a quaternaiy 
iodide. If transfonned into the chloride by reaction with silver 
chloride In concentrated hydrochloric acid, it gives Pc XU, wbidi 
is more soluble than the iodide. Absorption curves are repm- 
diiced in the original. J- C- 

Benzidine Stannichloride. Edward Barnes {Chem. Nein, 
1919, 119, 13— 14).— In the course of the reduction of azobenzeiie 
to benzidine by boiling with stannous chloride in hydrochloiic 
acid, a benzidine stannichloride having the composition 
C,2Hs(NH2)3,ILSnCl3 

was isolated. The salt forms colourless needles, which arc stauip 
in dry air at the ordinary temperature, but evolve hydrochloric acii 
and stannic chloride when heated to 100°. It is considers y 
hydrolysed by water or dilute hydrochloric acid, and is on y 
deposited from solution in presence of a large excess of sannn 
chloride. When mercuric chloride is added to a solution 0 
benzidine stannichloride, a mercuric, salt is precipita * ; ^ . , 
composition of the precipitate is indefinite,^ hut by • 

solutions of mercuric chloride and benzidine hydroc or 
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equivalent proportions, the salt, C,,Hs(NIi4 9HC1 Hrf'l ' 
obtained, cprstalhsmg m transparent blades, slightly ’soLf; in 
eold dilute hydrochloric acid, readily in hot. ^ H R 

Preparation of Hydantoins. Curmisoiie F.ibrik vox Heydrx 
(D.R.-P. 310427, additional to D.R.-P. SOMOS and ” 

W,,. Zemr im, ii, 423- -424. ConipaTthf vo, f s’s 7" 

Substances of the types NHg-CO-NH-CRH'-CO H ’ ’ >■ 

CO^H-NH-CRR'-CO-NH,, ’ 

and NH,.CRR'-CO.NH.CO,H (R = aikyl, “R/^aryl or alkyl 
,vith the exception of methyl or ethyl) are treated with a 
condensing agent, or condensation is effected without an aceiit 
by warming in the jiresence or absence of a solvent'" or 
diluent. The soporifics of the main patent are obtained in 
this manner. C'C-Dipropylhydantonitrile, CN-CPr/NH'CO-NH 
colourless needles, m. p. 138°, is obtained by converting dipropyl- 
Icetocyanohydrin by means of ammonia into the aminccnitrile and 
treating the latter with potassium cyanate in hydrochloric’ acid 
soliitian. It is converted by boiling concentrated hydrochloric 
acid into PC-dipropylhydantoin. A solution of phenylmethyl. 
aminoacetonitrile in hydrochloric acid is converted by potassium 
cyanate into phenylmethylhinhinlonitnU, colourless needles, m. p. 
217° (decorap.), which is further transformed into phenyl’methyi- 
kyJmtoin, small needles, m. p. 197°. Ethyl f7C-phenylmethyl- 
hydantoate, colourless needles, m. p. 158°, is obtained from ethyl 
a-amino-a-pheiiylpropionate hydrochloride and potassium cyanate, 
and yields CC'-pheiiylmethylhydantoin by prolonged boiling with 
water or by heating alone at 200°. The same substance may also 
be prepared by the action of potassium hydroxide solution (33%) 
on CC-phenplmetht/lcarbethori/hminoncctamide., 

' NH,-CO-CMePh-NH-CO,Et, 

colourless needles, m. p. 191° (from a-amino-a-pbenylpropionamide 
and methyl chlornformate in the presence of sodium carbonate). 
fT'-Phenylethylhydantoin is obtained by the action of carbonyl 
chloride in benzene solution on phenyletbyl.nminoaeetamide- 
carbonyl chloride may be replaced bv oxalyl chloride CC-P/ie«iy7 

me.thi/Jthohijdantmn, > oolonrless needles, m. 

169°, is prepared by boiling an alcoholic solution of phenylmethyl 
amiuoaeetamide with carbon disulphide; if the thiohydaiitoin is 
dissolved in boiling sodium hydroxide soiution (40%) and the solu- 
tion diluted with water and again boiled after addition of ferrous 
sulphate, Cf7-phenylmethylhydantoiii is produced. H. W. 

Ethyleneguanidine and Diethyleneguanidine. P. Pierron 
(■inn. Ghim., 1919, [ix], 11, 361 — 368). — Ethylenediamiiie in 
10% solution and cyarxogen bromide, when mixed in equimolecular 
proportions, readily react to give cthylenetjiianidlne kyrlrohrowith, 

P^^°' Prom this, by suitable 
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double decomposition, the sulphate, (C3H,N3)2,H2S04, m. p 281o 
the nitrate, CsH,N3,HN03, m. p. 115°, and the hydrochloride, m J 
120—122°, -were obtain^. Attempts to isolate the base itse't 
were not successful, but from its aqueous solution, by the action 
of carbon dioxide, the carbonate, (C3H7N3)2,H2C03, m. p, ]j2o 
was obtained. Ethyleueguanidin^ gives metallic derivatives, the 
barium, CjHjNjBa, had, CjHjNaPb, silver, CjHjNjAg, and 
C3H5N3Ag2, derivatives being prepared. 

If ethylenediamine is mixed with 
N— — C — NH cyanogen bromide in the molecular propot- 

CH N CH uHBr ethylene. 

" guanidine hydrobromide is evaporated with 
an equimolecular proportion of ethylene- 
diamine, (Hethi/iene(fiianidi'ne d'd^dn,. 
bromide (annexed formula^ m. p. 224®, is obtained. From this 
the di]ncrate, C5H9N^,2CfiH_<(OYN3, m. p. 203°, and the tlimirnU, 
Cr,HgN3,2HN03, m. p. 138°, may be prepared. W. C. 


\/\/ 

CH, OH, 


Amphoteric Colloids. V. The Influence of the Valency 
of Anions on the Physical Properties of Gelatin. Jacijm 
Loeb {J. Gen. Physiol., 1919, 1, 559 — 580). — The author has previ- 
ously suggested a tentative theory to explain the fact that whilst 
gelatin salts with a univalent cation show a high degree of swelling, 
viscosity, osmotic pressure, and alcohol number, and gelatin salt 
with a bivalent metal show, for the same and concentration ol 
gelatin a low degree of swelling, viscosity, osmotic pressure, and 
alcohol number, yet the conductivities of the two types of salts art 
practically the same (Ihjs vol., i, 296). Curves representing tie 
influence of monobasic acids (hydrochloric, hydrobromic, nitric, and 
acetic acids) on the osmotic pressure, swelling, and viscosity of 
gelatin solutions are practically identical, whereas those represent- 
ing the effect of sulphuric acid are much lower, and stand very 
much in the same relation to the curves of the monobasic acids as 
do the curves for calcium gel.rtinate to those for sodium gelatinate. 
The curves representing the influence of other dibasic aoiJs, 
namely, oxalic, tartaric, succinic, citric, and phosphoric acids, are 
practically identical with those of the monobasic acids. If the 
author’s theory is co.rrect and it is true that the effect of an elet- 
trolyte on the physical properties of the colloid is due to tlie forma- 
tion of real chemical compounds between the colloid and one ol the 
ions of the electrolyte, it should he possible to prove, first, that twice 
as many molecules of hydrobromic acid a.s of sulphuric acid com- 
bine with a given mass of gelatin, and secondly, that the same num- 
ber of molecules of phosphoric, citric, tartaric, oxalic, or succinic 
acid combine with the same mass of gelatin as of nitric or liy rm 
chloric acid. The present paper gives experimental proof that I* i 
these conditions hold. - lu 

Gelatin sulphate and gelatin bromide solutions 
same Pu have practically the same conductivity. Hence t e i c 
ence in effect of sulphates and bromides on the physical propw 
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of gelatin cannot bn due to the different ionising and hydration 
effects of th© two acids on the protein molecule. J C D 

Pekelharing’s Pepsin. V. The Inhibition of the Action 
of Pepsin by ^e Bile Acids. W. E. Rmn™ (drc ‘ " 

PkyM., 1919, 3, 349-.360).- .ffhe bile acids inhibit the proteolytt 
action of pepsin. This is not due to a destruction of the enzyme 
for if the bile acids are removed by dialysis the proteolytic activity 
of the pepsin is restored to its original value. The inactivation is 
probably a result of adsorption plieiioiiieiia, and the action of the 
bile acids closely resembles that rf cer|.ain ions such as the ferro- 
cyanide ion. J 0 0 


Physiological Chemistry. 


The Presence of Phosphates in Human Blood serum. 
Vtll. The Partition of Phosphorus, with Especial Reference 
to the Phosphorus in Combination with Proteins. Joh. 
Feigl {Biockem. Zeilsch., 1919, 94, 293- 303. Compare A , 1918 
i, ,50, 203, 320, 357 ; this vol., i, 138).— A further study of tiie dis- 
tribution of phosphorus in liuinan blood in normal and pathological 
cases. j). 

The Presence of Phosphate in Human Blood-serum. IX. 
A Study of Methods and the Distribution of Phosphorus in 
Normal Erythrocytes. Jon. Friol (Hiochem. Zeitsck, 1919, 94, 
304 — 312). — The methods and teclinique are iliaciissed, and figures 
representing the distribution of phosplioriis in the normal red blood 
cells are given. J. C. D. 

Physical Scheme for the Study of the Mineral Nutrition 
oi the Cell. Pierrf. Gin.aRn {Compt, mid., 1919, 168, 

1335 — 1338). -Working on the lines of his previous experiments 
(compare A., 1908, ii, 456; 1909, ii, 463), the author shows that, in 
the case of a solution of barium chloricle, the barium and chlorine 
ions will diffuse through a metnbr.nie into water, at different pro- 
portional rates, according as the solution is acidified with a trace 
of nitric acid or made alkaline with a trace of ammonia, polarisa- 
tion occun-iag at the membrane. These experiments are quoted in 
further support of his views on the selective permeability of living 
membranes (foe. cil.). W. G. 

Enzyme Studies on Cellulose Degradation Products. Hans 
Pringshkim and Adelhejd Magnus von Markatz (Zeitsch. 
pftysiol. Chem., 1919, 105, 17,3 — 178). — Tlie authors have prepared 
s cellulose dextrin free from products yielding an osazone reaction 
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by the method of Madsen (Inaug. Diss., 1917). No evidence of thi, 
substance being degraded by the action of diastase could bj 
obtained, nor did emulsin, by virtue of its cellobiase, bring about 
the formation of any products yielding osazones. Extracts of the 
first stomach, small intestine, and pancreas of oxen, likewise, lijd 
no hydrolytic action, so the conclu^n is reached that in the intes- 
tinal tract of these animals cellobime is split by the action of bu. 
teria. Cellobiose is not oxidised to cellobionic acid on boiling wjtb 
yellow mercuric oxide. J. C. B. 

The Stability of Lactalbumin towards Heat. a. b, 

Emmrtt and G. O. Luros (•/. Biol. Chem.., 191 9, 38 , 257 — 365).— 
The biological value of lactalbumin as a protein for growth did not 
appear to be diminished by heating at 90 — 100° in an air oven fm 
sixteen hours, or by treatment in an autoclave a4 fifteen pounds 
pressure for two or six hours. There was certainly no evidence that 
the heated protein was toxic for young rats. The previous condu. 
sions regarding the excellent growth-promoting value of laclalbimin 
(this vol., i, 363) is further substantiated on the hypothesis tliat 
there is a vitamine factor involved which is different from tlie 
so-called water-soluble B. J. C. B. 


The Nutritive Value of Yeast Protein. Thomas B. Osbokke 
and Lafayette B. Mendel (J. Biol, Chem., 1919, 38 , 223—327).- 
Eats were kept for more than a year, covering the period of growtli, 
on a diet in which yeast furnished the sole source of nitrogen, as 
well as of the water-soluble vitamine. The animals shov;ed a normal 
rate of growth, but certain cases exhibited sterility on arriving at 
maturity. This is not attributed to the presence of a toxic factor 
in the yeast. J. C, B, 


The Zinc Content of some Food Products. Victor 
Birckner (./. Biol. Chevt., 1919, 38, 191 — 203). — The author found 
the method proposed by Breyer (Scott, “ Standard Methods of 
Chemical Analysis,” 1917, 487) satisfactory for the estimation of 
very small quantities of zinc. Hen’s eggs contain about 1 mg. of zinc, 
of which practically all is present in the yolk. Ordinary mirket 
milk contains on an average 4-2 mg. of zinc per kilo, but varia- 
tions are to be found in the milk from different animals. Ilie zinc 
content of human milk is markedly higher than that of cow’s milk. 
The presence of zinc both in egg yolk and in milk suggests that this 
element may exert an important function in nutrition. J- C. 


The Deffradation of Fatty Substances in the Central 
Nervous System. Else Hirschberg and Hans WraTEESTEi- 
(ZeiUch. phjsiol. Chem., 1919, 105, 1-19).-The 
bound after boiling the spinal cord of the frog with j 

hydroxide for two hours may be taken as a measure ot the 
of fatty substances present. Using this metliod of estimatio , 
authors have shown that the fat content of the survivi g 
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gradually diramish^ when it is kept in an atmosphere of oxygen 
or in oxygenated physiological saline solution. The decrease isT.e 
to oxidation processes and is more marked wlmn stimulation is 
apph^. Considerable fat-sparing action may be shown by certain 
carbohydrates; thus, de.xtrose may reduce the utilisation of fatty 
substanc^ some 40% in resting metabolism, and as much as SOV 
in stimulation Eeasons are ^ven for belieying that the sub- 
stances which bind alkali on hydrolysis, and are utilised during 
os-idation, are of the nature of phosphatides rather than of truf 

J. C. D. 

The Protein Sugar. ^ Henri Bierry (Covtpi. mid. 1918 168 
1225—1228. Compare Bierry and Fandard, A. 1914 'i aig 454 ’ 
and Bierry and Ranc, A., 1914, i, 346).-If the muscle’ plays a part 
in the gen^is of.protein sugar, dilTereuces in the protein sugar in- 
tent should be found between the arterial plasma and venous plasma 
from the same group of muscles. This has been shown to be true 
for the group of muscles of the thigh in the case of the do» The 
author suggests that m the muscular protoplasm there exists a 
complex nitrogenous molecule, the nucleus of which remains invari- 
able, but has attached to its terminal chains peptidic group- 
ings capable of being liberated and then regenerated. These group- 
ings can unite with dextrose and block its aldeliyde function. 

W. G. 


Colours of Colloids. VI. Blue Eyes. Wilder D. Bancroft 
(.7. Physical Che.m., 1919, 23, 356— ,861. Compare this vol., 
ii, 27.5, 324).— In the present paper the colour of blue eyes is dis- 
cussed. It is shown that there is no pigment on the front of the iris 
in bine eyes, the blue colour is due to turbid media and is richer the 
finer the suspended particles. When the uvea is lacking, the colour 
of the blood shows through and albinism is the result. All other 
colours in eyes are due to ])igmentation on the front of the eye, 
which either modifies or masks the bine of the turbid media. 

J, F. S. 


Zinc in Oysters. R. S. Hiltskk and H, J. Wichmann [J. 
Biol, Chem.j 1919, 38, 205 — 221). — Zinc was invariably found 
present in the oysters, all of which were grown in Atlantic waters. 
It is probable that copper is always associated with the zinc. The 
,imount of zinc found could not be correlated with the weight of the 
system or with the zinc content of the water in which they grew. 
Considerable quantities of zine and sometimes traces of copper were 
detected in the vegetation and organic matter dredged up with the 
oysters. 

It appears probable that zine and copper can be absorbed by the 
tissues of the oysters in quantities far In excess of functional 
requirements. J. C. D. 


Pyrrole and Melanuria. Pietro Saocardi [Aiti B. Accad. 
hiucei, 1919, [v], 28, i, 309 — 311). — Subcutaneous administration 
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of pyrrole to a rabbit produces a green coloration of the urij, 
which afterwards becomes brown. Such urine exhibits no patio! 
logical characters, retains its normal alkalinity, and responds to tlj 
reactions regarded as characteristic of the melanogens. T, H. p, 

HMinatoporphyria Congenita. II. O. Schumm {Zeihck 

phi/siol. Chem., 1919, 105, 1.98 — 172). — ^The daily excretion of 
crude porphyrin in the urine in cases of this disease was found to be 
fairly constant at various periods during two years. Analyses of 
crude porphyrin from urine gave higher values for carbon anti lower 
values for hydrogen and nitrogen than were recorded by Piseler 
(A., 1916, i, 514). The figures for nitrogen are markedly higber 
than the nitrogen content of free urinoporphyrin, so that it is proh 
able that.the crude product is a chemical or physical complex of tin 
pigment with a substance rich in nitrogen. Analyses of puriJeJ 
porphyrin- methyl ester from urine agree with the formula deduced 
by Fischer, C^jHjoO.r.N,. Analyses of tlie porphyrin methyl ester 
from feces agree with Fischer’s formula, 03 (|H 4 o 0 jN,|, The author 
confirms his previous observation of the occurrence of porphyrin iiul 
haematin in the blood of patients with this disease, and now finds 
considerable amonnts of bilirubin also. J, C, D. 

New Theory relating Constitution to Taste. Simple 
Relations between the Constitution of Aliphatic Compounds 
and their Sweet Taste. Ernest Oertly and Roli.in G. Mini 
(J. Atner. Chem. Snc.. 1919, 41, 855-867).- -A preliminary paper, 
in which a theory of the cause of the taste of sweet suhstauces is 
put forward. The taste of sweet substances depends on two factors, 
the presence of a glucophore and an auxogluc. An auxogluc is an 
atom or radicle which, combined with any glucophore, yields a sweet 
compound. A glucophore is a group of atoms which has the power 
to form sweet compounds by uniting with a number of otherwise 
tasteless atoms or radicles. This theory is considered in the present 
paper only in connexion with alipb.atic compounds. In the sense of 
the theory the following radicles are glucophores: 

(1) -CQ-CK(OH)-(-rH); 

(2) CO,H-CH(NHjl-; (3) -CN.-O-NO,; (4) CH.,(OH)-CH(OH)--, 
( 5 ) C?^; (6) The following atoms or radicles act as 

auxoglucs, forming sweetish compounds with glucophores, 
(a) hydrogen, (h) the radicles C.Hon+i, cotitainlrig 1—3 carbon 
atoms, (c) the radicles C„H,„j.]*0-, of tlie monohydric 
where «=1 or 2, (d) the radicles C,H 2 „-, 0 „ of the polyhyd™ 
alcohols. A very long list of sweet substances supporting tlui 
theory is given. ’Tlie presence of the phenyl group tends to maW 
an otherwise sweet compound bitter. Tims ethylene glycol ' 
but its pbenyl derivative is slightly bitter. Some exceptions o ^ 
rule are found in stereoisomeric substances; thus 
CHMe,-CH(NHr,)-CO.H. is made up of the glucophore, 
-CH(NH2)*C02H, 
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and the auxogluc, CHMe^-, and is slightly bitter, but d-valine and 
(//-valine are both sweet. J F S 

Is there a Relationship between the Power of Absorbine 
Radiant Heat and the Odour of Substances? G Gritus 
(Arch. Need. Phys,d. im. 3, 377-390).-The various attempts 
which have been made to trace a relationship between the odour of 
substances and their chemical constitution or physical properties are 
reviewed. Tyndall (" Heat as a Mode of Motion," London 1865 
366) observed that gases with an odour possessed the power of 
absorbing radiant heat to a marked degree. The author has 
attempted to study this point more fully and ciuautitatively An 
apparatus, termed an odonmeter, devised by Prof. Zwaardemaker 
for the quantitative measurement of odours is described. No rela- 
tion between the intensity of the odour and the power of absorbing 
radiant heat is detected, and it is therefore concluded that the 
stimulation of the olfactory apparatus is not effected by the libera- 
tion of energy absorbed from radiant heat. J. C. D. 


The Biological AcUon of Thorium. H. Jastrowitz 
(Biochem. Zeitsch., 1919, 94, 313-358).-No. demonstrable 
influence of thorium on nucleaso or uricolysis was observed. After 
injections of thorium into dogs, there was a tendency for a higher 
e.'icretion of uric acid than normally. The fact that thorium may 
delay the separation of uric, acid from its supersaturated solution 
in serum is held to be of importance from a clinical point of view. 
The peptolytic enzymes are not inHucuced by thorium, but the 
peroxydase is inhibited. J . C. D. 


Genesis of Thiooyaaio Acid in Animals, VI. Srhafino 
Dezani (.4rc/i. Farm, sperim. sci. afj., 1918, 26, 115—128; from 
t'hhi. Zentr., 1919, i, 485—486. Compare this vol., i, 138).— It 
has been shown by Bruylants that carbon disulphide is converted 
into thiocyanic acid by the animal organism. Thiocarbamide 
appears to be a possible intermediate compound, since its presence 
in the organism has been detected by Gautrelet. In the, case of 
the rabbit, administration of thiocarbamide did not lead to an 
increase in the thiocyanic acid in the urine. In the cases of both 
the rabbit and the dog, elimination of the acid depends greatly on 
the nature of the nourishment. It is very small when clover is 
given, but very marked with cauliflower. Its origin with the rabbit 
is exogenic in nature. H. W. 

Effect of Various Aromatic Substances on the Blood 
Vessels. Comparison of the Constitution and Action ol 
Drags. S. Kondo (Kyoto Igahi Zassht, 1917, 14, No. 7, 25 — 75 ; 
■fap. Med. Literature, 1919, 4, 18). The compounds studied were 
vasodilators, similar in action but differing in degree. They stimu- 
lated first the nerve, then the muscle fibre, and vascular paralysis 
was produced. With few exceptions, if the vasodilator was given 
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sufficient time to act, the vasoconstrictor action of barium anj , 
adrenaline was prevented. The physiological action of compoajJ 
of the aromatic series is due to the benzene nucleus, and is aodifj ' 
by substituents. Monohydric phenols had a more powerful ajtj'* 
than either benzene or dihydric or trihydric phenols; a siadj, 
relation existed between sodium benzoate and salicylate a]);] 
between cydohexanol and quinitol (cycfobexane-1 : 4-diol). Qf 
three isomeric dihydroxybenzenes, resorcinol exerted the greate; 
vasodilator action. Guaiacol was more powerful than catectoi 
phenacetin than anlifebrin, lactophenine than aniline, pheuv) 
hydrazine than aniline. The toxicity was increased by the union 
of two nuclei. Naphthalene was more toxic than benzene, benj 
idine than aniline, and quinoline than pyridine. Menthol aurj 
camphor had an identical action; pyridine and nicotine aoted 
similarly, likewise quinoline and quinine. eyefoHexane was more 
powerful than benzene, and piperidine than pyridine, c'ldi,. 
Hexanol did not exert a more marked action than phenol. 

Chemical Auste.icis. 


Chemistry of Vegetable Physiology and Agriculture, 


Biochemical Actios of Microbes on]Sagars and Alcohols, 

A. Besson, A, Ranque, and Oh. Senez (Vompl. rend. m. hiul, 
1918, 81, 930—933; from Chem. Ztnir., 1919, i. 663 664).-A 
table is given showing the action of various microbes 
faecalis alkcdigenes, B. pyocyaneus, B. Shiga, B. Hiss, B. 

B. typhi, Vibrio chohrae, B. proteus, B. paratyphi A, B. 
typhi B.<, B. coU) on dextrose, laevulose, maltose, dulcitol^ siicKue, 
lactose, mannitol, and glycerol in the presence of agar or peptone 
water. The mode of action depends greatly on the form of riutri- 
ment, and the manner in which the diSereut sugars and alcobli 
are attacked does not depend on the nature of the substances, but 
is a specific property of the respective microbes. The evolution oi 
gas seems to be a more iint)ortanb phenomenon than the fact that 
a particular sugar is or is not attacked. With regard to their 
action on sugars and alcohols, microbes 'may be conveniently 
classified as follows: (i) inactive microbes which do not attack the'e 
substances; (ii) microbes which act without evolving gas; (iii) such 
as act with evolution of gas. The latter two groups may be sul> 
divided according to the susceptible individual compounds, ^ 

Benzoic Acid as a Disinfectant. H. P. Kaupmaxn 
angew. Chem., 1919, 32, 199 -200).— The bactericidal acdon ot 
benzoic acid on bouillon cultures of Staphylococcus and dipbthena 
bacilli was investigated, and concentrations as low as 0'08,-om ^ 
former case and 0'04% in the latter were found to pm iice 
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sterility in five days. In steam or water vanour at . 

as low as 37°, benzoic acid showed a powerfil liact« 
comparable with that of phenol undL simfiar ' ^ v‘'“’ “‘ni?" 
volatility of benzoic acid in water vapour from 
solutions was determined by passing the vapours 
denser and estimating the benzoic add in the distilWe. ^WiVl% 
solutions, the percentage gradually increased from 0 -2'ifi ft 
commencement to 1-088 when 90% of the 'iolutinn i 

off, at which point the remainiii^c.d be;an “ ^ 0 '^, a 
With 2-5% solutions, the benzoic acid content of Wdi 'll 1 “ ’ 

from 0-605% initially to 1-006% when ?0% vA ^ n 
began tn separate, \vith 5% solutions, thl tretndin/L "" 
wem 0-995% rising to 1-06% when 30% had distilled ovef ffe 
further, J. Soc. Ghem. Ind., 1919, August.] q ji ^ ’ 

Increase of tte Action of Catalase in Yeast Cells Hass 
VON “ and Uagnae Blix (Zeilsch. pk,M. Vhan., igig, 105 
83 — 114). — Ihe researches of Phracmen (Medd K 
ahad NobeUmt., 1919, 5) have shown that fresh yeast canVrX 
about the decomposition of dilute hydrogen peroxide. The decom 
posidon follows, withm certain limits, the course of a uiiimolecular 
reaction. The reaction constant increases proportionately to the 
amount of y<^f nmd. The power of decomposing hydrogen per! 
oxide possessed by the living yeast may be l.icreaAd from“ two to 
SIX times by the addition of small iiuantities of prctoplasmi! 
poisons, sucn as chloroform, thymol, toluene, and phenol 

hIo ^ohanJn, A.', 

, 7 ; ™7). The catalase action of yeast is also greatly increased 
by drying at the ordinary temperature, or by dehydration by other 
means-ti-eatment with alcohol or acetone-provided the enzyme i! 
not destroyed. No appreciable increase in the catalase action of 
the dried yeast was observed to follow the addition of chloroform 
!! emulsions of fresh yeast are maintained at 

0J-63° for rom one-half to two hours, there is also a very great 
increase in the power of decomposing hydrogen peroxide. ^ Such 
activation is not confined to yeast, but is also found in the case 
ot numerous other organisms. 

The catalase action per cell may be raised by treating the yeast 
with nutritive solutions contammg sucrose. The influence of a 
reducing agent, such as methylene-blue, is to cause an increased 
catalase, whereas acetaldehyde has an inhibitory 

The influence of dehydration and of protoplasmic poisons on the 
enzymes of yeast is discussed, and it is considered not improbable • 
tnai in the case of catalase they act by preventing or neutralising 
he action of an inhibitory factor. J C D 

^tagonism between Alkaloids and Salts in Relation to 

Gen. Physiol, 1919, 1, 

^ )- It was found that nicotine, caffeine, and cevadine may 



i. 426 


ABSTRACTS Ot CHEMICAL PAPERS. 


antagonise the action of sodium chloride. They decrease pej. 
meability, and resemble in this respect salts, such as calciujj 
chloride, which antagonise sodium chloride. J. C. D, 

Two Crystalline Salts irom the Phospho organic Reserve 
Principle , oi Green Plants. S. Posternak {Campt. rend., isjg 
168, 1216 — 1219. Compare A,, 1903, ii, 607, 679, 680),_-Tijj 
author describes methods for preparing two crystalline phospho 
organic salts from seeds or from phytin. The first salt is a double 
sodium calcium salt having the composition CgH,2027PjCajNaj, and 
crystallising in slender needles. The second is a sodium salt, 
(C2H40gP2Na4)a,44H20. It crystallises in prisms, and readily 
yields the corresponding euppcr and lead salts. W . G. 

The Constitution oi the Phospho-organic Reserve 
Principle oi Green Plants. S. Postkbnak {Compt. rend., 1919, 

]^g9 37 39, Compare preceding abstract).— The author now 

inclines to the view that this material is an inositol, hexaphospiate 
which energetically retains 3 inols. of water, and these cauuot be 
removed without decomposing the compound. W. G. 


Studies on Enzyme Action. XVII. The Oxydase, Per- 
oxydase, Catalase, and Amylase oi Fresh and Dehydrated 
Vegetables. K. George Talk, Grace McGuire, and Euorou 
Blount (J. Biol. Chem., 1919, 38, 229— 244).— The oxydase reac- 
tions with carrot, yellow or white turnip, potato, and tomato juicci 
are greatly increased on dilution. Apparently some substance, 
chemically uusaturated, is present which combines with the oxygen, 
preventing it from acting on the reagent. The peroxydase rMctioa 
did not show such increase on dilution. There is no well-defined 
hydrogen-ion concentration for the maximum action with oxydase, 
peroxydase, or catalase, but the reactions are, m general, bettei 
between p„7 and p^W. They are inhibited by acid reaction except 
in the case of the tomato. Vacuum dehydrated cabbage and cam. 
rave more marked o.xycTase reactions than did the fresh ve|otabte, 
Lt in every other case the enzyme action was less after dehydra- 
tion. Well defined maxima in the amylase reactions “e apparent 
in cabbage, carrot, and turnip juices at about p„6. Dehydration 
causes a decrease in the activity of this enzyme. 

A Component of the Fat oi Baseia longifolia (J; 

Malabrorum Ron) and ®On 

(Zeitsch. vhysiol. Chem., 1919, 105, 31 )• P 

pieces of the pres.s cake of seeds of /“or several 

Mia in an evacuated vessel over phosphoric oxide “ 

■ (months at 30-3,'5'>, the surf^e of the cake became cowi ^ 
fine, needle-shaped crystals. These were identilied as palmit ^ 


The Resin of the Outer Bark of Melaleuca 

Henrv G. Smith {J. Proc. Roy. Sou A.V IVaM 
232— 237).— The thin, paper-like epidermis of 
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branches of Melaleuca undnata contains from 20—25% of a resin 
which can be extracted with hot alcohol. The resin resembles 
ordinary shellac in appearance and has 1135 . About 70% of 
the total resin is an acid teain, m. p, 148—150°, which nivK a 
yotamum and a silver salt. The neutral substances constitute 
about 25% of the original resm. 

In addition to the resin, the outer bark contains a small amount 
of a vegetable wax, m. p. 67—68°. q 


Isolation of a Saponin from Platycodon grandiflorum 
Boot. H. OsHiKA (Kyoto Igaku Zasshi, 1918, 15, No 2 76-83 • 
Jap. Med. Literature, 1919, 4 , 20).-The root of the herbaceous 
plant Platycodon, grandtflorum (Japanese “Kikyo,” Chinese 
" Kihkang ” or “ Kihung ”) is used as an astringent, (iirminative, 
sedative, and vermifuge. It contains a saponin, which has the 
formula CssHjgOjj, is a white powder when pure, is sparingly 
soluble in water, more readily so in alkali, and is insoluble in acids, 
ether, and chloroform. Its haemolytic power is approximately one 
half that of dioscin. The infusion or decoction of the root has a 
toxicity for the mouse approximately equal to that of senega root. 

Chemical Abstracts. 


Composition of Inclusion Cells and their Belation to 
the Mellowing of Fruits. C. Griebel and A. Schafer (Zeitsch. 
Sahr. Oenussm., 1919, 37, 97— 111).— The mesocarp of certain 
fruits (especially the Pyrus species) consists solely of cells contain- 
ing tannins, and the term “inclusion” cells is given to them, as a 
distinction from the tannin idioblasts of other fruits and plants. 
When ripe, fruite having such a mesocarp rapidly become over- 
ripe or mellow. The single e.xception, as regards mellowing, is the 
fruit of Prumis spinosa (sloe). The disappearance of the astringent 
taste during mellowing is not due to decomposition of the tannins, 
but to their becoming insoluble. The inclusion cells of Pyrus 
domestka contain a tannin which is soluble in water and alcohol; 
this tannin is, in part, combined with a sparingly soluble colloidal 
substance of unknown composition ; only when the fruit mellows or 
is dried do the cell contents become insoluble, brown-coloured sub- 
stances being formed gradually as this change takes place. Acet- 
aldehyde is formed during the mellowing. The quantity of 
pentosan and galactan in the inclusion cells of P. domestka is 
very small, and sugars do not appear to be present. The un- 
changed tannin in the cells yields the reactions of o-hydroxy-com- 
pounds, an indication that it is a catechol derivative ; fusion with 
potassium hydroxide yields a small quantity of protocatechuic acid, 
but no phloroglucinol. The tannin possesses no glucosidal 
character, and to properties resemble those of the oak-bark 
tannins. W. P. S. 

The Presence of Aconitic Acid in Sugar-cane Juice and 
a New Reaction for the Detection of the Acid. Charles 
Somers Tavloe (T., 1919, 115, 886—889). 
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BfEect of Manganese Compounds on Soils and P|au(, 

E. P. Deateick (Cornell Vniv. Agnc. Exp. Sta. Mem.. 1919^ jq 

371 402). — Manganese salts at high concentrations decrease th( 

growth of wheat in water cultures j at lower concentratiosSj the^ 
stimulate the growth of the plants and increase the oxidising 
of the roots. The presence of nutrient salts and the food stored in 
the endosperm of the wheat seed reduce the toxic effect of tij 
manganese salts. The toxic effect is shown by a browning ottl,, 
roots and a bleaching of the leaves. The bleached leaves of plants 
treated with manganese salts contain more manganese than the 
green leaves. Manganese salts added to the soil increase the powjj 
of the soil to oxidise aloin and phenolphthalein. This the author 
believes is due to the formation of manganese dioxide. Low con. 
centrations of manganese salts stimulate the ammonificatioii of 
dried blood, but inhibit the nitrification of ammonium sulphate in 
the soil. CHBaiiCAL Abstsacts. 


Acidimetric Titration of Grain Extracts and Annno.aeids 
in the Presence of Alcohol. Victor Birckner (J. Biol. Chn.. 
1919 , 38, 245— 254).— It was found that a larger amount of alkali 
is required to neutralise the acidity of grain extracts when alcohol 
is present. A study of this point showed that amino-acids, which 
in aqueous solution are nearly neutral to phenolphthalein, react 
distinctly acid in the presence of alcohol. The suggestion is 
advanced that this may be due to an interaction between tit 
hydrated form of the amino-acid and the alcohol. J. C. D. 


Constituents of Emmenthaler Cheese . V. E. W isTBRsim 
(Zeitseh. physiol. Chem., 1919, 105, 25—30. Compare A., IMS, 
ii, 687; 1904, ii, 585; 1906, ii, 248; 1909, ii, 423),— It has heti 
previously shown that the usual protein cleavage products can It 
isolated from this cheese, with the one exception of arginint. 
Arginine was not present in several kinds of skimmed-mih 
cheese examined. The fate of the arginine has been inquired into. 
This amino-acid might by ferment action give rise to agmatim, 
l:4-diaminobutane, ornithine, urea, and ammonia. l:4-DiamnCH 
butane was not present, but the presence of urea and ormthmera 
established. Traces of p-hydroxyphenylethylamine were ab 
detected. “ 


The Statement of Acidity and Alkalinity, with Specid 
Reference to Soils. Edgar T. Wherry (/. Washington Md. 
Sd.. 1919. 9. 305 — 309 ).— The author proposes a new method o 
expressing acidity or alkalinity in place of the usual gitenti 
method, in which the value P„ = 7 indicates neutrality. Hiss* 

for chemical potentials is such that -I„ = 0 indicates neutTahtp 
acidity being expressed by positive values and J 

negative. These new values may he arrived at by subtrachng^ 
values of P„ from 7. 
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Optical Properties oi Magnesium Platinocyanide. P. 

jAb’BEBT (BuU. Boc. jran^. 1917, 40, 177 — 189; from (Jhcm. 
Untr., 1919. h 509).— The author has redetermined the optical 
onstants of magnesium platinocyauide, MgPlCyj, 711,0, since the 
lata recorded in the literature are discordant. The following 
iidices of refraction are found for the usual lines: 71(687) = l-o546, 
','(653) = 1'.5585, 71(589) = 1-5608, 7i(527).-l'57. H. W. 

The Modifications Produced in the Spark Spectra oi 
Difierent Metals by the Surrounding Medium. Poucbbtal 
DB LA Roche ( Bull , Soe . citim ., 1919, [ivj, 25, 303 -309).— Spark 
spectra between metallic electrodes in oxygen or o.xidising gases, 
such as carbon dio-xide or nitrous oxide, arc similar to these 
obtained in air and undergo the same change when a self-induction 
coil is introduced into the circuit. The spectra in reducing gases, 
!"uch as hydrogen, illuminating gas, etc., are different, being very 
loor in rays, and if the self-induction coil is introduced, the metallic 
[lectrum is still further enfeebled. This ))hcncmenon varies in 
ntensity with the metals c.xamincd, and the author gives the 
ji'iiicipal rays which persist in a luimljcr of metallic speclra in 
svclrogeu or hydrocarbons. W. G. 


Series Spectrum o£ Helium. A. La.vue (Phtjsikal. Zeilseh, 
1919, 20, 228 — 234). — A matheinalical paper in which relatioii- 
lliips between the structure of the helium spectrum and the series 
ppectra are discussed. J. F. S. 


Regularities in the Spectra of Lead and Tin. R. V. 

SuMSTElN (Trans, lioy. Soc. Canada, 1918, [iiij, 12, III, 59 — 63). 
—An examination of the lead spectrum shows that there are five 
eries of three lines, the corresponding members of which have 
onstaiit frequency dilTerence, tho heads of these series being the 
ine .5 7229-30, 4057 97, 3683-60, 3639-71, and 2833-17. Similarly, 
in shows five groups of three lines each with constant frequency 
ilference, the heads of each group being the lines 3801-16, 3175-12, 
1009-24, 2863-41, and 2840-06. W. G. 


I New Lines in the Extreme Ultra-violet of certain Metals. 

. S. Ainslie and D. S. Fuller (Trans. Roij. Boc. Canada, 1918, 
ii], 12, III,. 65—78). — The vacuum arc spectra of lead, tin, iron, 
ickel, cobalt, thallium, copper, aluminium, zinc, and carbon have 
een studied from 7.2400 to A 1400. The vacuum arc spectra 
btained for copper, zinc, and aluminium were found to correspond 
6th the results obtained for the spark spectra. The results 
btained for tin, lead, and thallium between A 2400 and A 1800 
VOl. cxvi. ii. 13 
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agree fairly well with those obtained by Saunders (compare 4 
Phys. J., 1913, 43, 234). Several new lines between A1800 ^ *j 
M400\ere observed and measured. tV g”* 

Arc Spectrum of Scandium. Sib Wjlliam Cbookbs /p„, 
Roy. 6'(k., 1919, [ij, 95,438 — 439). — The arc spectrum of scandnuai 
from wiikite has been photographed and the lines measured 
are was produced between poles made by compressing a mixture of 
silver powder and scandium oxide. On the same plate, plmtj 
graphs were obtained of (i) iron, (ii) scandium and silver, ai„j 
(ill) silver. In this way the silver lines were eliminated and (he 
wave-length of the scandium lines deduced from the iron Hues A 
table is given containing 101 lines between X 2420 025 and A63057 
A photograph of the spectrum is reproduced in the paper. 

J- F. S, 

The Constitution of the Atom and the Properties of Band 
Spectra. H. Dkslasdkes {Compl. rend., 1919, 168, in8_i]85l 
—Based on the formula 

V = ±/(»y )(m -t a)'/2 -i- /?(» + 8)2/2 - C'(p -t y)2/ 3 i y 
(compare this vol., ii, 206), the author indicates a new method fo; 
classifying baud spectra. \y. 

The Absorption Spectra of the Nitric Esters o£ Glycerol. 

Habbv Hepwobth (T., 1919, 115, 840- -847). 

Researches on Pasteur’s Principle. F. M. Jaeoer (&, 
frao. c/iim., 1919, 38, 171—316). — This paper contains a full, 
detailed account of the author’s crystallographic and optical 
researches on those complex metallic salts which can be separated 
into rf- and f-optically active isomcrides (compare A., 1915, i, 861; 
ii, 399; 1918, i, 3, 7; this vol., i, 5, 8, 252). The salts descriW 
fall into three groups; (1) complex salts of tervalent chroiniira, 
cobalt, and rhodium with three molecules of ethyleiiediamiae; 
(2) complex saltas of iron, chromium, cobalt, rhodium, and iridium 
with three radicles of oxalic acid; (3) analogous salts of iroi, 
chromium, and rhodium with three radicles of malouic acid. The 
existence of geometrical eiiaiitioniorphism in these salts is e.xplaiaed 
by Werner's octahedral distribution of the three similar bivalent 
radicles about the central metallic atom, and it is pointed out that, 
although the optically active molecules are dissymmetriral, the; 
are not asymmetrical, but contain certain elements of symmetry, 
among others a three-fold axis, which somotimeA also appears in 
the actual crystals. The optical rotatory power of these salts u 
often extremely high. There appears to he no direct coimesim 
between the optical rotation and the appearance of cnaiitio- 
morphous hemihedral forms on the crystals. These forms usually 
appear in the derivatives of oxalic and malonic acids, but rarely ® 
those of ethylenediamine. It is concluded that the magnitude as 
the intensity of the rotatory power of the dissymmetrical molecn e. 
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are not dependent on chemical contrast among the substituents 
distributed around the central metallic atom, but that the appear- 
auce of enaiitiomorphous hemihedral forms is favoured "by such 
contrast. E- H- R- 

The Phenotnena o! Luminescence accompanying; the 
Oxidation of Potassium or Sodium. G. Rebodl (Compt. rend., 
1919 168 , 1195 — 1196)-' The author fiuds that the presence of 
moisture is essential to the luiniuc.sccnce, which really accompanies 
the formation of the hydro-^ides of the metals from the oxide. 

W, G. 

Cause of the Sensitiveness o! Chemical Compounds to 

Light. Job. Plotsikow {Chem. Zal., 1919, 43, 321— 399, 
331—338). — A theoretical paper in. which it is shown that photo- 
chemical reactions take place according to the schemes: (i) acids, 
R.COoH — > RH + COoj (ii) aldehydes, R-COH — > RH + CO; 
liii) alcohols, R-CH;"OH — > RII + COt-H.; (iv) ketones, 
R'CO'R' ('') diazo-coiiipounds, RN,R' — >■ 

R'R' + N.,. The illuniinatioii of a double bond leads either to the 
production of a stereoisomeride or an intramolecular change or the 
formation of a saturated clo.sed ring system. Light has the 
tendency to convert unsatiiraled systems or compounds into systems 
stable to light. The production of stereoisomeridcs or intramole- 
cular change-s is to bo regarded as the first intermediate stage of 
the action of light . Systematic photolysis and careful choice of the 
source of light will effect the above-named changes in all aliphatic 
compounds of the types mentioned. Jii these changes energy may 
be either absorbed or evolved. If there is no possibility of the 
lotmation of a more saturated or less saturated system, then a 
photo-equilibrium is set up which may be displaced in either direc- 
tion by varying the wave-length of the light. The photochemical 
and photocatalytic properties of the elements are periodic func- 
tions of their atomic weights. J. F- S. 

Limiting Absorption Frequencies of Rbntgen Rays by 
the Heavier Elements particularly the Rare Earths. 

Manne Siegbahn and Edv. Jonsson (Fhy-sitia/. Zeifsch ., 1919, 20, 
251— 256).— The limiting absorption frequency is absolutely 
characteristic of a chemical element, and therefore serves to identify 
and establish the purity of any given element. The present work 
was undertaken with the object of measuring this factor in the 
case of the rare earth metals. Various methods were available, but 
for various reasons were unsuitable ; the metliods due to de Broglie 
(A., 1916, ii, 609) and Wagner (Bai/r. .Iked. d. Iffws., March, 
1916) are associated with a fuudameutal error due to the penetra- 
:iou of the Rbntgen rays into the crystals, whereby the reflection 
iccurs deep in the crystal. The authors have developed a modifica- 
tion of this method. The light pa-sses through a thick lead slit 
it the back of which the element in any of its compounds is placed ; 

13-2 
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thence the raya paas to. a rock salt or calcite crystal 2 nun. , 
and are there reflected through a second slit which is fitted witl 
gold edges, and thence through a third slit to the photograch 
plate. The apparatus is fitted up in a lead-lined castiron cham^r 
The Rontgen rays were produced from a glowing cathode tube 
Measuremente were made with the elements of atomic iiumbp 
48 — 67, 78 — 83, 90, and 92. The following values were obtained* 
the atomic number is bracketed in each case: Cd (48) Acpjm’ 
Sn (50), A=l-537; Te (52), A=l-606; I (53), A=1'641; Cs (55:’ 
A = r706; Ba (56), A=l-739; La (57), A = T772; Ce (58) 

Pr (59), A = l-843; Nd (60), a= 1-878; Sa (63), \ = l-948; Eu (63i’ 
A=l-983; Gd (64), A=2-018; Dy (66), X=2-088; Ho 67 ’ 

A=2-125; Pt (78), A=2-518; Au (79), \=2-561; Hg 80 ’ 

A=2-601; T1 (81), A=2-647; Pb (82), \=2-687; Bi 831 

A=2'725; Th (90), .\=2-979;- and U (92), A=3-089. The wave- 

lengths are all given in Angstrom units. The results are compared 
with those of de Broglie (loc. cit.), Wagner (foe. cit.), and' Blake 
and Duane {Phys. Sep., 1917). J. p. g. 

« 

The Relation between the i Series of A-Ray Spectra 
and the Atomic Weight. F. Kirchof {Physical. Zmtsch, 1913 
20, 211 — 214). — ^The product of the /.-wave-length into the square 
of the integer nearest approaching half the atomic weight (callel 
Rutherford’s, ordinal number) is approximately a constant, equal 
to 12,550, for the elements from zinc to uranium. p, g. 

The Radioactivity oi the Natural Gases of Canada. 

John Satterly and J. 0. McLennan (irons. Ruy. Sac. Canadii, 
1918, [iii], 12, III, 153 — 160). — The authors have measured tie 
amount of radium emanation per litre of gas and the helium airl 
nitrogen content of a considerable number of natural gases of 
Canada. The results show that there is no direct relationship 
between the radioactivity and either the helium or the nitrogcii 
content, but that helium and nitrogen usually vary together. 

■W.G. 

The Radioactivity of Rubidium. Otto Hahn and Makib 
R oTHF.NnACH {Physikal. Zeitsch., 1919, 20, 194— 203).- -The 
;3-activity of rubidium preparations of various ages since prepara- 
tion show no variation such as is to be expected if the 8-rays arose 
from a relatively short-lived isotope of rubidium, and cannot be 
separated or affected by chemical purification. The radioactivity 
appears to be an atomic property of rubidium. The radiation from 
a plate 25 cm. in diameter, covered uniformly with the rubioii|''' 
preparation, was compared with that of uranium from a siiniar 
surface of uranium oxide of about 0'5 mg. per cm.®, o-rays heag 
absorbed by passage through O'Ol mm. of aluminium foil. * 
soft R-rays of uraninm-Ai, after subtracting the effect due ' 
penetrating R-rays of uranium-Aj, were half absorbed in 0 
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of alununium =463[cm.]-i). The fS-rays of rabidinm were 
eKponentia ly absorbed, showing that they were homogeneous as 
regards velreity and penetrating power, being half-absorbed by 
0-U20 to 0-0225 mm. of aluminium (jUa, = 34T-308[em.l-i), and are 
therefore somewhat the more penetrating. The soft j8-rays given 
by radium itself have an absorption coefficient of 312(cin in 
aluminium. The velocity of the rubidium rays, estimated from 
their absorption coefficient, is 58 to 60% of that of light 

Under the conditions described, 12-6 grams of rubidium sulphate 
sfiread over 500 cm.^ compared with a similar surface of 0-28 gram 
of uranium oxide, gave an activity per gram of rubidium salt 
l/184ti of that per gram of uranium oxide (total jS-ra-ys) 
Referred to the metals, the ratio is 1:139, and subtracting for the 
effect of the hard ^-rays of uranium- if the ratio is 1:32. By 
using less and less rubidium salt and extrapolating to a film of zero 
thickness, the ratio is further increased in favour of the rubidium 
to 1 ; 15, to an accuracy of 20%. That is, the /S-activity of rubidium 
is l/15th of that due to uranium- J, in the same weight of 
uranium, absorption in the material being corrected for. For 
thorium, the ratio is probably 1/IOth, comparing sim'ilar , 8 -rays. 

Applying the law of radioactive change, the product of rubidium 
should be an isotope of strontium, and of potassium an isotope of 
calcium. The investigation of the atomic weight of calcium derived 
from potash felspar, containing only small amounts of calcium, is 
suggested, as if the calcium is a product of the potassium, its atomic 
weight should be about a unit less than the accepted value. The 
period of half -change of rubidium, calculated from the ratio of its 
8 -activity to that of uranium- .Y,, is about 10 " years, and for 
potassium probably three times as great. It the age of the oldest 
felspars is taken as lOS years, only 0-17% of the potassium should 
have changed into calcium. The period of potassium, however, may 
be as great as seven times that of rubidium, and it is doubtful if the 
expreled difference of atomic weight would be detectable. 
Siniilarly for the possible case of caesium transforming itself into 
barium, though no 8 -act!vit 7 of ccesiiim has been detected, an 
examination of the caesium mineral pollu.x is suggested. F. S. 


Is the Electrical Conductivity of the Elements Con- 
ditioned by the Presence of Isotopes ? F. H. Loring (Gkeni. 
Hews, 1919, 119 , 14 — 16). — Assuming that those elements the 
atomic weights of which are not whole numbers are mixtures of 
two isotopes the atomic weights of which are whole numbers, it is 
suggested that the proportions of the two isotopes in the element 
may determine its electrical conductivity. It is further suggested 
that in those elements having a high conductivity there may be a 
greater proportion of the isotope of lower atomic weight, whilst in 
the non-conducting elements the proportions may be reversed, 
this idea is developed in a table, in which, for a number of con- 
ducting and non-conducting elements, the atomic weights and 
proportions of hypothetical isotopes are given. E. H. R, 
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New Process for Measuring the Specific IndiKtive Pow^, 
of Liquids. Felix Michaud and Ahmed Ballodl (Ann. Physiq,ii^ 
1919 fixl 11 . 295— 322).— The apparatus consists of a cyliiid,ijj| 
condenser with a vertical axis, between the armature of which the 
liquid rises under the action of the electric field, this rise being 
shown by a lowering of the level of the liquid m a lateral gks 
tube. The specific inductive powers of benzene, vaselm, cyth. 
hexane and turpentine were measured by this method the results 
for benzene being 2-28 and for eyefohexane r87 So hitions of 
phenol in benzene were also examined, and it was found that the 
dielectric constant reaches a maximum at a concentration of 11«; 
of phenol. With mixtures, the phenomenon of electro-osmosis ’ 
may occur, and it is proposed to study this in detail. The 
‘ apparatus, slightly modified, may be used as an eleetronieUr,^ 


Characteristics of the Spark Discharge and its Efiset 

in leuitine Explosive Mixtures. Clifford C. Patebsos ami 

NoHMTuMrBELL (Proc. Pkpicol .9or. London, 1919, 31, 

168—228) —The object of the work described m the paper was to 

determine the relationship between the electrical clmracteristics of 

a spark discharge and its power of igniting explosive mixtures An 

attempt was made to produce a form of .discharge m which th, 

current and the duration of the discharge could be controlled and 

varied This failed ; the discharges obtained always consisted o i 

discontinuous series of individual sparks each o which lasted fo, 

a time which could not be subdivided. Quantitative measurements 

show that each of these individual sparks consists in the passage of 

a definite quantity of electricity, (?, hcross the gap, and represents 

thrdischarge of a condenser of definite capacity previously char ed 

to the spark potential of the gap. The maximum duration of a 

™ark is of the order 0-00005 second, but there is reason to believe 

tLt the actual value is considerably less than this figure. 1 ^ 

found impossible to obtain a discharge winch *^,5 

whTn it Lk the form of an arc or a brush. The ^paiks obta ri 

from an induction coil are of the same type as “ 

„ mndeiiser It is therefore suggested that the quant V 

toc-ether with the form of the spark gap, may be sufficient to defn^ 

fho nature of the spark and to determine ite igniting powe . 
the nature ot tue spa ^ 

IS shown that uibcnar^e'i wiuc th? same 

have the same igniting power as 

character; that is to say, that the ignition, jt i* 

at the first suark. Working with p„th the 

shown that the igniting power o a much ii.»ee 

capacity discharging and the spa* P«t.entia , ;g,ition 

rapidly with the latter factor. The energy eq there is 
decrcjises rapidly as the spark pntentia fncieaved, 

indication that. If the J®^";7“eduoed greatly 

the energy required for ignition , Otto things 

beyond the measured limit, namely, 0-0004 joule. 
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being equal, electrodes with small radius ol curvature have greater 
igniting power; the metal of which the electrodes is made is of no 
importance from the point of view of ignition. J F S 

The State of Super-conductivity in Metals. C A 

Crommelin (Ghem. Weekhltuf^ 1919, 16, 640— 669).— A lecture 
delivered before the Natuurkundig Gezelschap in I.eiden. Special 
reference is made to the work of Kamerlingh Onnea. W. S. M. 

Electromotive Activity of Carbon Monoxide. II. K. A. 

Hofmann and B. Wuethmanh (Srr., 1919, 52, [S], 1185--^1194) — 
It ha.s been previously shown (this vol., ii, 8) that the oxidation 
energy of carbon monoxide at the ordinary temperature can be 
largely converted into electrical energy when the carbon monoxide 
is oxidised at a copper electrode wetted with alkali hydroxide solu- 
tion which is connected with a copper or platinum-air electrode. 
It is now shown that, in contrast to hydrogen, the activity of carbon 
monoxide is 0-12 volt greater at a copper than at a hydrogen elec- 
trode, and, further, that the potential developed by the oxidation 
of carbon monoxide is greater than that developed from hydrogen 
by 0'3 to 0'08 volt. A copper electrode is particularly useful in 
the utilisation of air in the carbon monoxide cell, since it forms a 
primary oxide with the oxygen the oxidative power of which is 
more than 0'2 volt greater than that of cupric oxide. 

The potentials of the following cells are recorded, the electrolyte 
being 15% pure potassium hydroxide solution in every case: HjlPt, 
electrolyte, HgO|Hg, 0-93 volt at 22°'; COIPt, electrolyte, 
HgOIHg, 0'91 volt; CO | coppered carbon, electrolyte, HgO|Hg, 
0'96 volt at 17 — ^18°; CO[coppered carbon, electrolyte, Pbjair, 
1'17 volt at 14°; CO j platinised carbon, electrolyte, Ptjair, I'OS volt 
at 18°; CO|Cu, electrolyte, copper oxide] air, 0-95 -0'99 volt at 
20°; CO I platinised pl.atinnm, electrolyte, copper oxide] air, 0-91 
volt at 18°; H., | platinised platinum, electrolyte, copper oxidejair, 
0 958 volt at 18-3°. ' H. 'W. 

Methods of Measuring- Electric Cataphoresis. The. 

SvF,DBEnG and Hugo Andersson {KoHoid Zeitsrh., 1919, 24, 
156 — 165). — The various methods which have been used for measur- 
ing the migration velocity of colloidal particles in an electric field 
are critically discussed and their errors enumerated. It is held 
that none of the methods hitherto described is entirely satisfactory, 
although that due to Linder and Picton (T., 1897, 71, 568) is 
usable in some circumstances. Tlie authors describe the construc- 
tion of a small vessel in which microscopic cataphoresis experiments 
may be carried out with either direct or alternating current. A 
photomicrographic method is described by which cataphoresis may 
be measured by means of a direct current flowing for very short 
periods. A microscopic method is also described in which altern- 
ating current is used. A comparison of the results obtained by 
these methods shows that the latter is more exact and gives values 
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which more nearly agree with the tlieoretical values than tl 
former. J. P. S * 

Some Determinations oi the Heat Conductivity g; 
Selenium. Edna D. Sayck {/. Proc. Bay. Soc. N.S. Wakai^J 
51, 356 — 363). — It was found that the thermal conductivity 
selenium varied over a wide range, and was affected by the condi 
tions which influence its electrical conductivity, and in the 
direction, hut in general to a slighter extent. The thermal con 
ductivity of vitreous selenium at 25° was found to lie between 
0-000293 and 0‘000328. That of crystalline selenium at 25° varifj 
from O'OOOTO to O'OOIS.I. The values for the crystalline fotm 
increased in general with the temperature of preparation, hut 
diminished with age. In all the cases examined, the temperatnre 
coefRcient was positive. All measurements were made with % 
selenium in darkness. W, Q 

The Determination of the Melting Points of Pats and 
Similar Substances by Means of the ‘ ' Ascension '' Method, 

D. J. DE JONO (Pharni. Weekbl^td, 1919, 56, 925 — 931).— A short 
column of fat is allowed to solidify for twenty-four hours in i 
narrow glass tube open at both ends. The tube is placed vertically 
in water or glycerol so that the top of the fat column is below the 
level of the liquid. The temperature of the bath is raised slowlv 
until the melting point is reached, at which temperature the colnini 
of fat begins to rise in the tube. Constant results were obtained 
when a thin-walled tube of 1 mm. internal diameter was used with 
a fat column 1 cm. long placed 1 cm. below the surface of the 
water. W, S. M. 


The Freezing Point of Solutions with Special Reference 
to Solutions Containing Several Solutes. Charles Edward 
Fawsitt (T., 1919, 115, 790—801). 

Cryoscopy in Acetylene Tetrabromide. R. Lespiead 
rend., 1919, 16S, 31 32).--Using benzene, chloroform, carlioii 

tetrachloride, and ethyl ether as solutes, the author finds that the 
cryoscopic constant of acetylene tetrabromide, m. p. 0— 0'13’, is 
217, and th,at it varies but little with the nature of the dissoiveil 
substance or the concentration providing that the solution remain' 
dilute. W. G. 


Variation of the Vapour Pressure -with the Temperature. 

C, Emilio Carbonelli (tfasreffu, 1919, 49, i, 151 — 1.53).— If f 
denotes the absolute critical temperature of any liquid, x its crit» 
pressure, and / its vapour pressure at a temperature T yB? 
between absolute zero and the critical temperature, results in c i® 
agreement with the experimental data are given by the 
lg 7 r// = (d-y)/7'.lg/ifl/7’, h being a constant characteristic 
pach liquid. The values of IgA are; for carbon isu] 
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2-21503; chloroform, 2'58134; alcohol, 3-6765; water 2-927U • 
ethyl ether, 2-80416; benzene, 2-64664; sulphur dioxide, 2-79064- 
cyanogen, 2-92481 ; and ammonia, 2-79. T H P ^ 

Maximum Vapour Pressures o£ Benzene and c«cloHexane 
at Moderate Temperatures and Calculation of their 
Principal Specific Heats. G. Dejardis {Ann. Phi/siqiie., 1919, 
[ixj, 11, 253 — 291). — more detailed account of work already 
published (see this vol., ii, 95). -yy (j 

The Saturated Vapour Pressures and the Heats of 
Vaporisation of Propyl Acetate at Difierent Temperatures. 

E. Aries (Comjrf. rend., 1919, 168, 1188— 1192).— Using the 
formula previously given (compare A., 1918, ii, 352) for calcu- 
lating the value of the function P, from these results the author 
has calculated the saturated vapour pressures and heats of vapor- 
isation of propyl acetate at different tempcrature.s, and finds that 
the calculated values are in close agreement with those observed by 
Young. -W. G. 

Volatility. Otto Ruff (Ber., 1919, 52, [B], 1223— 1238)— A 
theoretical paper in which the boiling jioiut of the substance under 
atmospheric pressure is treated as a measure of its volatility. A 
series of tabl^ is given showing the b. p. of fluorides, chlorides, 
hydrides, nitrides, and oxides as far as these have been determined. 
A discussion is then entered on with regard to the part played by 
mass, atomic volume, number of atoms in the molecule, negative 
minimal loading of the atoms in the molecule, and molecular 
symmetry on volatility. For details, the original paper must he 
consulted. H. W. 

Thermochemistry of Organic Fluorine Compounds. 

Fekdi!eio Swarts (./. Chim. Phys., 1919, 17, 3— 70).— Using a 
T.angbein calorimetric bomb in which the silica-containing parts 
have been replaced by platinum, the author has determined the 
heat of combustion of a very large number of organic fluorine com- 
pounds. The results are recorded as (i) heat of combustion per 
gram, (ii) molecular heat of combustion (n) at constant pressure 
and (6) at constant volume. The heat of formation is also calcu- 
lated in each case. The method of preparation, density, freezing 
point, and boiling point are recorded for every compound. By 
comparing the present results -vi’ith those of Berthelot for other 
substances, the heat of substitution of one atom of fluorine for 
one atom of hydrogen is calculated. The substitution of the first 
atom of fluorine for hydrogen increases the heat of formation by 
about 17 cal., although the value fluctuates considerably for the 
various types of compounds: the introduction of the second atom 
of fluorine increases the heat of formation more than the first in 
all cases. The effect of substituting fluorine in benzene derivatives 
is also studied. It is shown that the replacement of one hydrogen 

13 * 
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atom by fluorine increases the heat of formation by 15'8 cal l, 
the second further increases it by 22-3 cal. if the second 
enters the para-poaition. The substitution of fluorine in 
substituted benzenes increases the heat of formation from 815 pj] 
in the case of o-ftuoronitrobenzene to 22 6 cal. in the case t 
m-fluorophenol. Similar calculations are made for tri- and tetra 
substitution products of benzene. J. F g 

Heat of Coagulation. H. R. Krdyt and Jac. van deb Sp,, 
(^o/Md ZeiUch., "igig, 24, 145— 185).— The heat ctanje 
occasioned by the sudden coagulation of arsenic sulphide sol and 
ferric oxide sol has been determined. In the case of 
sulphide, the coagulation was brought about by the addition of ' 
solution of alum or potassium chloride. In all experiments Hip 
heat change was extremely small, the amount of heat develotieil 
being 0-01 — 0'05 gram cal. per gram of arsenic sulphide. Fjtrip 
oxide sols were coagulated by the addition of sodium sulphtp 
solution, and in this case the heat developed was considerably 
greater, amounting to 2 gram cal. per gram of ferric oxide, Ey. 
periments show that the heat developed depends very largely on 
the chlorine content of the sols. It is in keeping with expectation 
that there should be a considerable difference in the developinetl 
of heat in the two cases, for the coagulation of ferric oxide sol i< 
accompanied by a considerable increase in volume, whilst that ol 
arsenic sulphide is accompanied by a very small diminution in 
volume. Further experiments were made to determine the heat 
change brought about by the adsorption of crystal-violet by auimsl 
charcoal. The results are only approximate and give the order of 
magnitude of the change; thus 5 grams of charcoal adsorb 3'31 
millimols of crystal-violet with a heat absorption of 16'58 gram 
cals. For calculations of (.he amount of energy set free in tlip 
coagulation of arsenic sulphide sol, compare Tiinder and Pict« 
(T., 1892, 61, 114). , 1 . F, a 

Calculation of the Divergences from Avogadro's Law 
by the Method of Compressibilities. Application to 
Hydrogen Bromide. Ph. A. Guye (J. Chim. Phys., 1919, 17, 
141 — 170). — A theoretical paper in which it is shown that tie 
work of Moles (A., 1916, ii, 42, 526) and Reiman (A,, 1911, 
ii, 137, 200) on the density of hydrogen bromide definitely indicates 
that the compressibility (pn) of this gas at 0° and at pressures 
above 1 atm. is not a linear function of the pressure (p) nor of 
the inverse of the volume (1/r). This being the case, the product 
pv ought to be represented by a formula of the second degree of 
p OT \jv, and this equation ought to hold for all gases less volatile 
than carbon dioxide. By means of the modified van der Waalse 
equation, it is known at once whether a gas ought to be repre 
sented in the neighbourhood of 1 atm. by an equation of the first 
or second degree. The use of a formula of the second degree, 
(pp) = 1 4- a -t ap + ip®, or (p!)) = l + i’/v® for the extra- 
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polation of the limiting value {pv)„ which enters into the ex- 
pression, giving the divergences from Avogadro's law, is justified 
by consideration of the best established equations of state. Two 
methods are indicated for calculating the constants of the pre- 
ceding equations, and when these are applied to the result^ of 
Moles and Reiman {loc. cit.), the following values are obtained for 
hydrogen bromide at 0°; (i) divergence from the law of Avogadro; 
(1 + ^) — > (*’) divergence of the compressi- 

bility between 0 and 1 atm.: .4i„=0-00925. The experiments of 
Moles and Reiman lead to the same results, The methods adopted 
in these calculations are discussed at some length in the paper. 

J. F. S. 

Investigation of Poisson’s Ratio by Means of the 
Gaseous Volume and Specific Heat at Low Temperatures, 

Rudolf Mewes (Zeilsch. Saiiersloff Stkhtojf hid., 1918, 10, 
93; from Ohem. Zentr., 1919, i, 505). — A fonniila has previously 
been developed whereby the specific volumes of gases can bo 
estimated from observation on the specific heats i: Cp/c,, and pp at 
low temperatures. The ratio n, 5 /c, and has been calculated 
from the tormulm 11 , 5 / 1 ’, = (I-Ho)-‘ and 

and introduced into Poisson’s equation. Since the calculated and 
e.rperiraeutal results are not in harmony, Poisson's equation does 
not appear to hold good. H. W. 

Gaseous Volumes at Low Temperatures . Rudolf Mewes 
{Zeitsch. Snuerstoff Slicbloff liul., 1918, 10, 81 — 82; from 
Vhem. Zentr., 1919, i, 505). — Theoretical considerations based on 
a table which gives the nece,ssary data for helium, hydrogen, 
nitrogen, oxygen, air free from carbon dioxide and carbon mon- 
oxide, show that Gay-T.nssac’s law is not approximately obeyed at 
low temperatures (at about -192°), and tli.at the most accurate 
observations yet made arc vitiated by some error which is not yet 
explained. H. W. 

Modification of Victor Meyer's Vapour Density 
Apparatus. Giovanni Romeo (GoiracHd, 1919, 49, i, 172 -174). — 
In this apparatus, the upper, narrow, tubular part above the bulb 
in which the substance is vaporised is considerably shortened, and 
round it is wrapped, in the form of a spiral, tho tube through 
which the displaced air passes to the gi’aduated measuring tube. 
The lower end of this spiral tube is comiccted with the top of the 
bulb, whilst the upper end emerges through the stopper of the 
jacket containing the heating vapour. In this manner, the 
apparatus is made shorter and more easily manipulated, less time 
is required for the uniform healing of the apparatus, and con- 
densation of the vaporised substance on the cool parts of the 
apparatus is entirely avoided. T. H . P . 

The Adsorption of Helium by Charcoal. Stuabt McLean 
(Trans. Roy. Soc. Canada, 1918, [iii], 12, III, 79-81).— A very 

13*-2 



ii. 320 


ABSTRACTS OR CHEMICAL PAPERS. 


small amount of helium is adsorbed by charcoal at the ^®aipsraturj 
of liquid air, the amount adsorbed being apparently indepenJa^j 
of the volume of helium introduced into the apparatus. q 


An Apparatus for Studying the Dissociation of Carbonats 
Rocks. G. A. Bole (J. Amer. Ceram. Soc., 1919, 2, 410-4ijj 
— The dissociation of carbonate rocks may be studied by heatioo 
O'l gram of the sample in a modification of Victor Meyer's vspsnt 
density apparatus, consisting of a small platinum bucket whict fitj; 
over the lower end of the porcelain sheath of a thermocouple ajj 
is held in place by a small porcelain wedge. The thermocouple is 
then placed in a tube of fused silica, 25 cm. long and 1'25 cm. in 
diameter, provided with a side-tube leading to a pneumatic trougli 
and gas burette. The top of the silica tube is closed with a 
ground-glass stopper, into wbicb are fused the wires of the tienno- 
couple. The stopper also contains a glass tube carrying a stop 
cock. The lower part of the silica tube is surrounded by an 
electric furnace. The temperature of the sample is raised to about 
450°, with the stopcock open to expel any moisture. The stop- 
cock is then closed, the temperature raised steadily,' and the volume 
of gas evolved is measured at regular intervals of time until tie, 
dissociation is complete. The gas is examined for carbon monoxide, 
and, if this is found, a fresh portion of the sarnple is treated for 
removal of organic matter, and a fresh determination of the dis- 
sociation temperature is then made. It is necessary to make a 
blank test in order to ascertain the expansion of the air in tie 
apparatus at various temperatures and to correct the volume ol 
gas accordingly. The same apparatus may^ be used for determii- 
ing the temperature at which the dissociation pressure is just 
above that of the atmosphere by maintaining it at the higlst 
temperature at which gas is evolved. In determining the rate ol 
dissociation, 0-5 gram of the sample is placed in a small plabnuii 
bucket in the neck of the apparatus, the silica tube is heated to 
about 50° above the temperature at which the determination is to 
be made the temperature allowed to fall slowly to the desired 
temperature and maintained constant for about fi teen inmutes 
The^ bucket is then released and allowed to fall to the hot » 
of the tube, and the gas evolved is measur^ after a denmte 
interval of time. A series of determinations is made at mere' 
ingly higher temperatures, and the results are P>°^. 1 

appLatiis may also be used to determine the 
associated with lime and magnesia resp^tively in lime t , 
dolomite by raising the temperature to 750 ; j ^ tie 

in the neck of the tube, then releasing the bucket rais g^^^ 
temperature to 900°, and measunng the gas 
temperature. The apparatus is simple, ■ 1 g ,nav le 

accurate. Organic matter, occluded gases, 
driven off hy manipulating the stopcock immediately ^ ^ ^ 
a determination. 


A. B. 
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Piex^mioal Stupes. XV. Experimental Prool o! 
Braun 8 Law. Ebnest Cohen and A. L. Th. Moesveld IZeitti-h 
physikd. Ghem , 1919, 93 , 385— 51o, Compare A 1917 ii 566i’ 
With the object of ascertaining experimentally the extent to 
which Brauns law is true, the authors have determined (i) the 
temperature-coefficient of the solubility of m-din.trobens^ne in 
ethyl acetate, (ii) the pressure-coefficient of the solubility (iiil the 
iictitious volume change, and (iv) the fictitious heat of solitimi of 
the same pair of substences (see A., 1918, ii, 297). These values 
when obtained were substituted in the expression 
{dxldTr)r:(dxjd'J')_=-riVjQ, 

and tee value of Q obtained and compared with the experiment- 
ally determined value of Q. In the expression above, (dr/rfw), 

temperature, 

{dxIdT), the tmperatnre-coefficent of the solubility at constant 
pressure, iF the fictitious volume change, that is, the volume 
change when a fixed amount of substance dissolves in an infinitely 
hrge volume of solvent at the temperature J', and Q the fictitious 

Iirnvl lA 1 T ''"‘7 this equation is 

" cal /gram, whereas the experimental value of Q is 

21'02±0-02 gram cal./gram From these figures, it is concluded 
the Braun law holds within the limits of experimental error The 
solubility of m-dinitrobenzene in 100 grains of ethyl acetate is 
found to be 21-80 grams at 0-02°, 23-35 at 2-48° 24 92 at 5-00° 
26-62 at 7-50°, 28-55 at 10-00°, 30-C6 at 12-50°, 32-95 at 15-00°' 
35'45 at 17 - 50 °, 38-20 at 20-00°, 4T20 at 22-50°, 44-60 at 25-00°' 
48-38 at 27-50°, 52-53 at 30-00°, 57-24 at 3-2-50°, and 62-32 at 

the temperature-coefficient 
at 30-00 IS found to be 0-5653± 0-0007 gram mols. per 100 mols 
of solution per degree, or 0-755 ±0-001 gram per 100 grams of solu- 
tion per degi-ee. An apparatus is described whereby the solubility 
under various pressures may be determined. Using this apparatus, 
the solubility of m-dinitrobeu±eiie in ethyl acetate is determined at 
3(1° under pressures 0, 100, 220, 300, 380, and 480 atmospheres and 
from the results the pressure-coefficient of the solubility calculated 
to {dxjdTt),^\ = -0-008G7±0-00003 mol. %/per atm or if 
_c-weight %, (*/i^ir)„i = -0-01 161 ±0-00005 weight %/per atm. 
Ihe specific volume of various solutions of m-dinitrobenzene in 
ethyl acetate has been determined at temperatures between 20-00° 
and 30-00° by means of an Ostwald-Sprengel pyknometer, and also 
by a dilatometric method. From the results, it is shown that 
specific volume of a solution saturated at 
4(1-00 and 1 atm. pressure. The specific volume of solid 
m-dinitrobenzene at 30-00° was determined by a dilatometric 
method, using water as the liquid, and the value 0-63872 found, 
rom the data thus accumulated, th© fictitious volume change is 
and the values 0-0442 ± 0*0001 c.c./gram and 
ay2±015 c.c./mol. obtained. A long description of the method 
obtaining th© fictitious heat of solution is given, 
and from the experiments the value 21-02±0'025 gram cal. /per 
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mm or 3534 ±5 gram cal./per mol., obtained. The paper enj, 
with a lon-T and detailed criUcism of a paper on the same subject 
by H. F, Sill (A., 1917, ii, 75). J. P. 8. 

Lioaid Crystals and Anisotropic Liquids. D. VoRUsBUi 
IZeitseh. physikal. Chem., 1919, 93 , 

Lur (jJrt Chem., 1916, 25 , 362), Bose (A., 1907 ii, 443; pog, 
ii 1017') Nernst (Lehrb. theoret. them.), and Herz (Modernt 
FrobUme atlgem. Chem.). The author protest against the views 
nut forward by the authors named, that liquid crystals arehcteo. 
eeneous substances consisting of a disperse phase and a dispersion 

° a- . J. F, S 

medium. ’ 

Orientation oi Anisotropic Liquids on Contact witli 
rpvfltals II. F. Graiid.iean (Bull. Soc. frani;. Mm., ISlj^ 
40^ ^—105; from Chem. Zentr., 1919, i, 498_-499. Compare 
A ’ 1917 ii 451) — The author describes the behaviour of the 
same crys’tals’ which were previously used with five new anisotropic 
linuida n-asoxyanisolephenotole, dibenzylidenebenzidine, ji-ditolyt 
ideneb;nzidine, niethoxycinnamic acid, and p-anisylide.ieaimnoaio 

toluene Orientation occurs in ninety cases out of a hundred, an* 
hence is a general property. The crysta surface causes a pecnliar 
field of force the nature of which is not explained. It orientates 
anisotropic liq.nds in such a manner that their axes ton assume o.i, 
or more definite positions, which are termed equilibrium or fid 
directions. One of these is perpendicular to the face of ^e crystal 
If the latter corresponds with a net plane of high density there is 
generally one or more of these directions parallel to the are. 
With respect to behaviour o» change of temperature, three tj e 
„rto be considered, in which (i) the orientation is not gieatt; 
altered (ii) a well-defined orientation suddenly passes into a skoii 
arrang;int, and (iii) the orientation changes graduafiy «tl 
changing temperature. 

Periodic Precipitation. (Miss) A. W. jJ’l™*' ^2 

presence of the positively charged copper particles did t^ ^ S 
the character of the precipitate, 

(Zeitsch. phymkal. a rhythmic 

evaporation in many cases deposit '-ry^tals i y ^jtallisali® 
This phenomenon is particularly well observed “ ^ j;,, jdd; 

of an aqueous solution of 5 -nitrophenyl- 2 -glycine-l-earboxy 
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this substance crystallises in open vessels in a s'eries of rings the 
formation of which is connected with the surface tension and the 
adhesion of the solution on the vessel walls, and is also due to the 
fact that after the deposition of the first crystals the solution is 
drawn by capillary attraction to the crystals. As the evaporation 
proceeds, the surface tension of the solution overpowers the 
adhesion and capillary attraction, so that the solution withdraws 
itself spasmodically from the edges of the dish. In the case of 
molten substances, the authors have found very few substances 
which solidify rhythmically, but this phenomenon is well shown by 

the ethyl ester of p ethoxybenzylideneamiiiophenylpropionic acid 

This substance, which was prepared by the method described by 
Beilstein and Kuhlberg [Anndm, 1872, 163, 162), melts at 59“ 
to an amorphous liquid ; on supercooling the molten substance to 
34°, it forms liquid crystals. The rhythmic solidification occurs 
when either of the liquid forms passes into the crystalline solid, and 
takes place as follows: When a few drops of the molten substance 
are placed on a clean glass plate, a small, round, crystalline mass 
first forms; this exerts a capillary attraction on the surrounding 
liquid, and the liquid rises in the crystal mass and solidifies on top 
of it, and also on the sides, whilst the level of the liquid falls. 
Then a period of no powth of the crystal height sets in, because 
the adhesion of the liquid to the glass plate has overpowered the 
capillary attraction, but at the same time the crystal mass begins 
to grow rapidly from the sides until a quantity of liquid is held 
in the crystal network, when the side growth ceases and the vertical 
growth recommences. These three processes then repeat themselves 
in the same order. Photomicrographs illustrating the crystallisa- 
tion in this case are appended to the paper. ,T. F. S. 

New Method of Weighing Colloidal Particles. E. F. 

Bdkton {Proc. Rojj, Soc., 1919, [,1], 95, 480- 483), — A pre- 
liminary paper in which it is shown that by superimposing on a 
colloidal particle the motion produced by an electrical field on 
that produced by gravitation, colloidal solutions which possess 
particles too small to settle under the iulluejice of gravity alone 
may be made to settle. The experimental procedure consists in 
superimposing on a colloidal solution contained in a migration tube 
a small column of conductivity water of the same specific con- 
ductivity as the colloidal solution. The position of the interface 
between the two liquids is noted, and a current of E.M.F. ca. 100 
volts is passed for ten minutes, reversed, and again passed for ten 
minutes. The position of the interface is noted at the moment of 
reversal and at the end of the experiment. In the first period of 
ten minutes, the motion of the particles is due to a force Xe + mg 
and in the second ten minutes to Xe — mg. From these values, the 
equation a® — 9/2 — p')p is deduced, in which a is the radius 

of the particle, v the velocity under the influence of gravitation, 
p and p' the densities of the particle and medium respectively, 
n the viscosity of the solution, and g the gravitational force. By 
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this method, colKHdal particles of silver were found to have a 
radius 2-2 x 10-“ cm., whereas 1-7 x 10-5 ^as obtained by tha 
counting method. The velocity v was S'SxlO 5 cm. per sec. 

J- F. S. 


Colours of Colloids. V. Metallic and Vitreous Lustre, 

Wilder D. Banckoft (J. 1‘hysical Chem., 1919 , 23, 289—347),-, 
A continuance of the discussion on colour phenomena dealt with 
in previous papers (A., 1918, ii, 102; this vol., ii, 187, 27,5). 
the present paper, metallic and vitreous lustre as it afiects colour 
is discussed in connexion with minerals, feathers, and beetles. 

J. P. S. 


Emulsification of Water and of Ammonium Chloride 
Solutions by Means of Lamp Black. William C. Moose 
(J. Amer. Chem. Soc., 1919, 41, 940— 946).— Weighed quantities 
of lamp black, both the commercial article and that previously 
extracted with benzene, were stirred for measured times with 
petroleum (D'5 0'8149) and water or solutions of ammoninn 
chloride of known concentration. The emulsions thus obtained, in 
which petroleum was the continuous phase, were examined under 
a micrometer microscope, and the diameter of the aqueous drops 
measured. The experiments show that various samples of lamp 
black have widely differing emulsifying properties. With a large 
quantity of lamp black, smaller emulsified drops of water are 
obtained in petroleum than when less lamp black is used. Water 
wets commercial lamp black less readily than the extracted lamp 
black. Ammouiurn chloride in normal solution wets the com- 
mercial lamp black more readily than the purified substance. 
Water wete purified lamp black more readily than does ammonium 
chloride solution, the converse being the case for the commercial 
lamp black. The drops of emulsified water b^ome larger the 
greato the concentration of the ammonium chloride, owing to the 
increasing surface tension of the ammonium chloride solutiou. 
The effect of changing the lime of stirring is somewhat indefinite; 
a tendency is shown for the size of the drops to pass through s 
minimum as the time is increased. J- T. S, 


Electromagnetic Hypothesis of the Kinetics of Hetero- 
geneous EquUibrinm, the Structure of Liquids and 
Cohesion. William D. Harkins and H. H. Kino (/. Ami 
Chem. Soc., 1919, 41, 970-992).-A theoretical 
an hypothesis is developed that the distnbution of a solute 
various phases and interfaces is conditioned by the inter 
electromagnetic fields. Cohesion is considered to be ^ ■ 

fields, and is explained on the basis of the , trons 

(A., 1916, ii, 310) as being due to intermolecular fitting ^ 
in the outer shells of atoms. The constant ^ 

acid pn the surface of water is found to rontaifls 

cules, whilst if benzene covers the water phase, the layer 
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2.79X10W mol^ules p 

does not affect the number of molecules in the film A the^rt of 
mlubihty and of thermodynan.ic environment is devtlope^ Ind 
an hypothesis IS made to explain the variation of toe fugacitv or 
thermodynamic potential of a component, with vanatioL i/ ite 
environment. In this connexion, solubility, Raonlfs law, melting 
point, compressibility, coefficient of expansion, latent heat of 
vaporisation, adsorption, and surface structure are discussed The 
theory is complicated, and the original should be consulted for 
details. J F S 

Chemical Affinity. Fritz Epuealm {Nalurwiss, 1919 7 

19-55; from them. Zenlr., 1919, i, 409-410)— The energy ’of a 
reaction is, in general, the sum of the energies of a number of 
component reactions, and therefore gives little information about 
the latter Ihe energy of analogous reactions is best studied with 
closely re atod compounds, whereby the common side-reactions are 
most readily eliminated. In this manner, the relative affinity of 
water of crystallisation to different molecules is conveniently deter- 
mined by investigation of substances such as the alums. Studies 
of this nature are best effected by estimation of the affinities of 
subsidiary valencies with hydrates, and particularly ammines 
The gaseous nature of ammonia allows the thermochemical investi- 
gation to be replaced by determination of the dissociation tempera- 
ture, that ic, the temperature at which the pressure of ammonia 
is equal to the atmos])heric pressure. The affinity of ammonia for 
the molecule in question is obviously greater as the dissociation 
temperature is higher. The following compounds have been com- 
pared in this manner; Nir,,,6NlIj, CoL, 6 NH.,, FeL, 6 NH„ 
i\InTu, 6 Nll 3 , Znr 2 , 6 NH 3 , CdL^GNUg. The temperature of decom- 
position decreases with increasing atomic volume, and the product 
of dissociation temperature and atomic volume is approximately 
constant. Consequently, the dissociation temperature can be 
calculated if that of a similar substance and the atomic volume of 
the metal are known, and, conversely, unknown atomic volumes can 
lie calculated from the observed dissociation temperature. Irregu- 
larities are only observed with cadmium. When compounds of a 
metal with different acid radicles are investigated, the size of the 
latter appears to be important, but its effect can only be estimated 
with difficulty, since, in complex radicles, only that portion which 
is closely related to the metallic atom should be considered. The 
affinity for neutral molecules is particularly marked with large 
acid radicles. The relationships are most favourable when the 
Juetal is surrounded by acid radicles, as in the case of a multivalent 
ifletal united to several univalent radicles. With increase in 
volume of the neutral molecules, as with transition from ammonia 
to alkylamines, the affinity decreases. With complex cations, the 
neutral portion is more firmly bound as the size of the metal 
decreases. Conversely, the stability of complex ions increases with 
increasing volume of the metal. Systematic investigation of the 
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stability of a group of complex compounds permits the decision as 
to whether the complex is united to the anion or cation, and thus 
allows a determination of constitution in solid substances. The 
method is, in principle, applicable to all dissociable compounds. 
From this point of view, an explanation is given of the fact that 
the capacity of neutrtil salts to cause the separation of amino-acidj 
is reversed by addition of traces of acid or alkali. The formation 
of dissociation equilibria is in many respects analogous to the 
evaporation of a liquid. The absolute boiling points under the 
same pressure of chemically related substances stand to one another 
in a constant ratio. The boiling-point rule can also he used as 
dissociation rule, as is shown in the case of the ammines of the 
iodides previously described. The rule is also true for substances of 
widely differing chemical nature. The calculation of the dissocia- 
tion temperature for any pressure is therefore possible when it is 
known at any definite pressure. The limits of existence of cora- 
pounds can therefore be defined. H. W. 


Fission of Acid Salts in Aqueous Solution into Normal 
Salts and Free Acids. W. Dibckmann and Albin Haedt [Btr., 

1119 52 rSl 1134 1142. Compare Thoms and Sahalitschki, 

A 1917 'i 700 ; 'Sabalitschka, this vol., ii, 282; McCoy, A., 1908, 
ii '’466' 'McCoy and Chandler, A., 1908, ii, 467).— It has been 
Dreviou’slv shown that dibasic organic acids can be partly extracted 
from aqueous solutions of their acid salts by treatment with ether 
and McCoy has based a method of estimating the ratio of the first 
and second dissociation constants of such acids on this fact. The 
authors have repeated Chandler’s work with camphonc and lumme 
acids, and confirm his results. They have also applied the method 
to the determination of the second dissociation constant of home 
nhthalio acid (10% = 191), and obtained the value 212 {tor 
t JoOl) ani “ekfore^ihe value WkM When contrasted 

appear grMtly increased’, and liere, as in other cases to be subjKt 
to^constftutive^ influences as well as to those due to fl' 

nf tbp carboxvl groups. Experiments with benzylmalomc 
acid and j 3 -ph 6 uylgluteric acid show that the ratio of the constant^ 
in comparison with those of the parent substances, is not 
affected by the entry of a substituent in the symmetrical position. 

(I 0 e;h,= 9300 , 1W,= U), with 

h k =15*7 10*A;o = 2'4) shows a considerable increase 
ks^iaL 'constant wiich can with certainty be asonted te tho 
presence of the carbonyl group ; m addition, “ 

Ind k, are increased, which is not on 

rule (1., 1918, ii, 155) that a substituent has an unlike mil 

the two carboxyl groups. ,, t that 

The statement of Thoms and Sabalitschka (loc. c ■) 
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acid can be extracted by ether from aqueous solutions of its normal 
sodium salt could not be confirmed, nor do the authors find that 
phthalic acid suffers partial dehydration when its ethereal solution 
is evaporated on the water-bath. jj ^ 

Chemical Processes in Solution and their Velocity. 

Max Teatjtz {Zeitsch. anorg. Cliem., 1919, 106, 149— 188).— A 
purely mathematical paper in which the theory of gas reactions 
(compare A., 1918, ii, 151) is discussed in relation to the quantum 
theory and is applied to reactions in solution. Owing to the 
nature of the paper, satisfactory abstraction is impossible, but it 
may be stated that it is found that the integration constant of the 
reaction velocity in solution is identical with that in gases. 

E. H. R. 

The Law of Action of Sucrase : Influence of Viscosity 
on the Velocity of Hydrolysis. H. Coiix and (Mllk.) A. 
Chaudun (Com.pt. Tend., 1919, 168, 1274—1276. Compare A., 
1918, i, 414; ii, 357). — The authors show that the velocity of 
hydrolysis of sucrose, the amount of sucrase remaining constant, is 
directly proportional to the fluidity of the solution. The ratio 
dVjdF, for solutions of varying sucrase content, is proportional to 
the amount of sucrase present for a given sucrose concentration. 

W. G. 

The Hydrolysis of Ethyl Acetate. I,. Bf.rczeileb (Oesterr. 
Chem. Zeit., 1919 , 22 , 66—67). — The hydrolysis of ethyl acetate 
by hydriodic, hydrobromic, hydrochloric, and nitric acids has been 
studied with the object of determining the effect, if any, of the 
anion on the rate of the reaction. For each experiment, 10 e.c. 
of iV’/2-ethyl acetate solution were mixed with 1, 2',5, 5, 10, or 
40 o.c. of iV/2-acid solution and allowed to remain for times varying 
from a quarter of an hour to twenty-eight hoiirs, at the end of which 
time the solution was titrated with .V/fi-potassium hydroxide. The 
rates of hydrolysis are not equal for the different acids, the 
strengths of the acids being in the order Hl>HBr>HCl>HN 03 . 
It is thus shown that in this typical case of catalysis the effect is 
not confined to the hydrogen ion, the chemical nature of the anion 
having the same influence here as in the so-called neutral salt 
action. The presence of iodine in the bj'driodic acid was found to 
have a retarding influence on the reaction. E. H. R. 

Definition of the Terms : Explosion, Explosive Action, 
Thermite. A. Lanqhatjs (Zeitsch. ges. Schiess. u. Sprengstoffw., 
1918, 13, 310—313; from Chem. Zentr., 1919, i, 692—693. Com- 
pare this vol., ii, 219).— The definitions given in the literature lay 
stress on the function of gaseous factors in explosive decomposition 
and scarcely mention the importance of chemical decomposition, to 
which the author attributes prime importance, since actual ex- 
plosions and explosive actions can be distinguished by it. The 
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following definitions Only take into account the nature of tin 
reaction; a definition in the strict physicochemical sense will i,( 
given later. 

True explosion is the chemical decomposition of a substance is 
a definite manner which is distinguished by development of best 
(chemical importance), sound (physical importance), and desttuc. 
tion of the immediate surroundings in consequence of high velocity 
of decomposition (technical importance). In decomposition of this 
kind, gases, either pre-forraed or generated, are the chief agents, 
(1) Direct Gas Explosions— The pre^forined gases are the actual 
carriers of the explosion, whilst the gaseous products cause the 
external physical and technical effects ; the explosion may be total, 
as with oxyhydrogen gas, or partial, as with gas and solid or 
liquid substance, as in the cases of dust explosions, ether, and 
petroleum explosions. (2) Indirect Gas Explosions . — The gases 
do' not react chemically and are not the carriers of the actual 
explosion, but merely cause the physical and technical effects, Two 
eases are to be distinguished, in the first of which a gas is present 
in which the solid or liquid substance explodes (silver acetylide, 
aluminium, or magnesium with an oxygen carrier, potassium 
chlorate and antimony sulphide, percussion gases), whilst in the 
second class the gas is generated by decomposition of solid or 
liquid substances (true explosives, such as nitroglycerol, gunpowder, 
picric acid). The substances capable of such decomposition are 
termed explosive substances. 

Explosion-like actions are such as show external characteristics 
similar to those outlined above, but do not involve chemical actioti. 
With gaseous substances, gas may be pre-formed (lightning in air, 
explosion of bombs filled with compressed gas) or may be gsnsraW 
(boiler explosions, quicklime and water in a closed vessel); with 
liquids, such action is observed in the case of vessels filled with 
liquid, and examples with solids are afforded by Rupert’s drops 
and explosive antimony. 

Emission Spectra and Atomic Structure. John WiitiAii 
Nicholson (T., 1919, 115, 855— 864)-— A lecture delivered before 
the Chemical ^ciety on March 6th, 1919, 

The Quantum Theory and New Theories of Atomic 
Structure. James Hopwood Jeans (T., 19 1 9, 115 , 865—871 
— A lecture delivered before the Chemical Society on May s , 
1919. 


Arrangement of Electrons in Atoms and Molecules, 

Ibving Langmuir (,/. Amer. Chem. Soc., 1919 , 41, 868 )■ 

A theoretical paper in which a theory of the . 

electrons in atoms and molecules is put forward; 
essentially an extension of Lewis’s theory of the cubica 
(A , 1916, ii, 310). The electrons in atoms are either stat J 
or rotate, revolve or oscillate, about definite positions m the atom. 
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In the most stable atoms, namely, those of the inert gases the 
electrons have positions symmetrical with respect to a plane 
(cquatonal plane) passing through the centre of the nucleus of 
the atom. No electrons he in the equatorial plane There is an 
axis of symmetry (polar axis) at right angles to this plane through 
which four s^ondary planes of symmetry pass, forming angles of 
45“ with mch other. These atoms have the symmetry of a tetra- 
gonal crystal. The electrons of any atom are distributed through 
a series of concentric, nearly spherical shells, all of equal thick- 
ness. The mean radii of the shells are in the ratio 1 : 2 : 3 • 4 and 
the effective areas are in the ratio 1^ : 2® : ,32 : 42 , Each shdl is 
divided into cellular spaces or cells occupying equal areas and 
symmetrically distributed over the surface of the shell. The first 
shell oonta.ins 2 cells, the second 8, the third 18, and the fourth 32 
Each cell in the first shell can contain only one electron, but every 
other cell can contain either one or two electrons. The inner 
cells must have their full quota of electrons before the outside shell 
can contain any. No cell in the outside shell can contain two 
electrons until all other cells in this layer contain at least one. 
The electrons in the same cell neither repel nor attract one another, 
which impli^ a magnetic attraction that overcomes the electro^ 
static repulsion. When the number of electrons in the outside 
layer is small, the arrangement of the electrons is detormiued by 
the magnetic attraction of the underlying electrons, hut when the 
number of electrons increases, especially when the layer is nearly 
complete, the electrostatic repulsion to the underlying electrons 
and of those in the outside shell becomes predominant. The 
properties of the atom are determined primarily by the number 
and arrangement of electrons in the outside shell and by the ease 
with which the atom is able to revert to more stable forms by 
giving up or taking up electrons. The stable and symmetrical 
arrangements of electrons corresponding with the inert gases are 
characterised by strong internal and weak external fields of force. 
The smaller the atomic number, the weaker the external field. The 


most stable arrangement of electrons is that of the pair in the 
helium atom, A stable pair may also be held by (o) a single 
hydrogen nucleus; (5) two hydrogen nuclei; (c) a hydrogen nucleus 
and the kernel .Of a second atom; (d) very rarely by two atomic 
kernels. The next most stable arrangement of electrons is the 
octet, that is, a group of eight electrons like that in the second 
shell of the neon atom. Any atom with atomic number less than 


20, which has more than three electrons in its outside layer, 
tends to take up enough electrons to complete its octet. Two 
octets may hold one, two, or three pairs of electrons in common. 
One octet may .share one, two, three, or four pairs of its electrons 
with one, two, three, or four other octets. One or more pairs of 
electrons in an octet may be shared by the corresponding number 
of hydrogen nuclei. No electron can be shared by more than two 
octets. This theory explains the periodic properties of all the 
elements, including those of the eighth group and the rare earths. 
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It account® for the magnetic and physical properties as well as 
chemical properties. It leads to a simple theory of valency 
bot-h polar and non-polar substances. It explains the structure o( 
compounds, which, according to Werner’s theory, are secoud-otiiet 
compounds with a co-ordination number equal to four. Accord- 
ing to the present theory, such compounds are to be regarded js 
typical primary valency compounds. This valency throry is based 
on the equation e=8»-2p, where e is the total number of avail- 
able electrons in the shells of all the atoms in a molecule, n the 
number of octets forming the onteide shells and p the number oi 
pairs of electrons held in common by the octets. The theory leads 
to definite conceptions of the positions of the electrons in the mole- 
cules or space lattices of compounds. The structure of the mole- 
cules of nitrogen, carbon monoxide, hydrogen cyanide, and nitric 
oxide are exceptional, because the kernels of both atoms are con- 
tained within a single octet. This accounts for the practically 
identical physical properties of nitrogen and carbon monoxde and 
for the abnormal inertness of nitrogen. J. F. S. 


The Derivation of the Periodic System of the Chemical 
Plementa from the Electron Theory. Heinrich Teobt 
%duch. anorg. Chem., 1919, 106, 189 - 208 ).-Startmg with the 
conception of the atom as a positively charged nucleus surrounded 
by rotating negative electrons, the author shows how many of he 
important properties of the periodic system of the eluents fo lo, 
from this conception. Two kinds of electrons are distinguished, 
an inner sphere firmly held by the attractive force of the posit.™ 
nucleus and an outer sphere of valence electrons, through which 
combination with other atoms takes place. The rotating dectroiK 
are probably distributed symmetrically on spheral surfaces is 
nearVe equatorial zone of the atom as possible. Hydrogen is h 
only element which has only valence electrons, since its one eWt 
Cctio.rin this manner. The two electrons of helium are both 
bound in the inner sphere, the elment having no valence 
and the same is true of the other inert gase.s. The rem. 
elements have efectrons of both tands. Those “t the fir h 
zontal series have two electrons m the , 

number of possible valence electrons increases from lithium ( ) 
Srrine (7V Some of the valence electrons tend to retam^ 
the inner sphere, however, for instance, 
bivalent, nitrogen tervalent, oxygen bivalent, and , 

valent. In the%econd horizontal series, the inner 
at least ten electrons, in the third series eighteen “ud so 

The metals are distinguished from the j^ft fn 

mobile or less firmly held valence electrons. W 
right in a horizontal series, the number of P* .lectroni 
nucleus steadily increases, whilst the position the lade' 

remains constant, and in order to retain _ y (.jjgir rotation 
must increase their centrifugal force by me g . 

velocity. At the same time, the valence electrons muse 
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their rotation velocity to a corresponding degree to prevent dis- 
ruption of the atom, and the whole electron system becomes more 
stable. It follows that the metalloid character of the elements 
increases from left to right of a horizontal series. In the third, 
fifth, and seventh horizontal series, however, the metallic character 
is maintain^ throughout. To explain this irregularity, it is sup- 
posed that in these series the inner sphere is made up of an odd 
number of rings of electrons, the central ring occupying the 
equatorial position. This central ring of electrons intercepts lines 
of force which, in the case of the second, fourth, and sixth series 
with even numbers of rings of electrons in the inner sphere, would 
serve to hold the valence electrons with greater force. It follows 
that the outer electrons of odd series are more mobile than those 
of the even series, and the elements of the former are therefore 
more metallic. The appearance of the iron, ruthenium, and 
osmium triads is attributed to the relative instability of the 
electron systems developed at the end of the third, fifth, and 
seventh horizontal series. The elements copper, silver, and gold 
are closely related to the respective triads which they follow, and 
should not be placed in Group I. As the number of electrons in 
the atom increases, the forces retaining the valence electrons 
become weaker, and consequently the metallic character of the 
elements becomes more marked with increasing atomic weight. 
The periodic progression of the atomic volumes of the elements is 
discussed in terms of the electron theory. E. H. R. 

A New Periodic Classification of the Chemical Elements. 

Marc Chauviebre {Bull. Soc. chim., 1919, [iv], 25, 297—305). — 
Marking off the atomic weights as abscissa: and the principal 
valencies of the elements (from zero to four) as ordinates, ^ periodic 
curve the period of which is double is obtained, the elements of 
the iron, palladium, didymiuin, and platinum families, the atomic 
weights of which are close together, being placed above the level 
of quadrivaleucy. The elements which occur in the same periodic 
position on the curve have generally similar chemical properties 
and correspond with the natural gron|)s of elements. The elements 
may also be arranged by this method in a table similar to that of 
Mendeleev. W. G. 

Annual Report of the International Committee on Atomic 
Weights (T., 1919, 115, 879-88.5). 

The Alchemists Known as Hollandus. Edeund 0. von 
Lippuann {Ohem. Zeit., 1919, 43, 265—267, 286—288, 301—303). 
— In a long contribution to the discussion on the authenticity and 
period of ,Tan Isaac and Isaac of Holland, the author maintains 
his original view (A., 1916, ii. 525) against the criticism of 
Schelenz (A., 1917, ii, 529). E. H. R. 
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Basil Valentine. B. Neomamn {Zdtsch. angew. Chem., 1915 
32, I, 184).— Polemical. A reply to Hommel (this voL, ii, 224 ),' 


Trustworthiness of the Balance over Long Periods ol 
Time. George Bean (T., 1919, 115, 826—828). 


Laboratory Condensers for Use in Reflux Condensation 
and DistiUation Apparatus. O. Faust {Zeitsch. angm. Chm, 
1919, 32, I, 183— 184).— A description is given of condensets, 
espeoially’suitable for use as reflux, condensers, which are provided 
at the same end with inlet and outlet tubes, one of which passes 
inside the jacket to the other end of the condenser, whereby 
counter-current cooling is obtained. The jacket is provided with 
an air outlet tap. Of the various designs illustrated, one is suit 
able for connexion in the usual way, another for suspension ij 
the neck of the flask without cork connexion, and a third for fittiu. 
bodily into the neck of the distillation vessel. S. 8 , A. 

Simple Efficient Vacuum Pump for Laboratory Use. 
Alfred Magnus {Ber., 1919, 52, [5], 1194).— A claim for sden. 
tifio priority against Volmer (this vol., ii, 225),^ The appli(aticin 
of a current of mercury vapour to the production of high vacua 
has been utilised by the author (/natty. Diss., Miinchen, 1905). 

H. W. 


Lecture Experiments [to Illustrate] the Reduction ol 
Hvdrogen-ion Concentrataon. L. GrOndut {Zeiisch. Elttin- 
chem 1919 , 25, 184— 185).— Two experiments are described bj 
which the reduction of the hydrogen-ion concentration m>y b( 


demonstrated. , , j ■ 

(ll By removal of hydrogen ions: 10 c.c. of OTiZ-hydrocblone 
acid are placed in each of two 100 c.c. cylinders, and a ew drofs of 
a solution of dimethylaminoazobenzene solution added. Out 
cylinder is filled to the mark with distilled water and the ote 
with a O'lA-solution of disodium hydrogen citrate. The 
solution is red in colour, whilst the other solution hecomes ye ow, 
The aqueous solution contains 9'7 mg. -ion per litre (/^h* - ^ ^ 
whilst the citrate solution contains 0 015 mg.-ion per Mr 
(P„. = 4’83), that is, the hydrogen-ion concentration nss 6 
reduced to 1/650 of its original value. The colour dmge » 

dimethylaminoazobenzene occurs between i ana ra- . 

(‘1') By repressing the ionisation: 100 c.c. of tartar 
(40 grams per litre) are placed in each of two 100 c.c. cy “ ® .j, 
Lloured blue by the addition of a Jjun tartrate 

tion. To one cylinder, 4 grams of finely “"iolet, 

are added; this, when dissolved, will Aange *6 colou t 
The water solution contains 17-00 ing. H Py “ . ito 

whilst the tartrate solution contains 0 
(Pg. = 3-02). The neutral point of methyl-violet ^ ^ ^ 

Pg. = 2 and Pg- = 3- — - 
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Inorganic Chemistry. 


Physico-chemical Revision of the Atomic Weight of 
Bromine : Necessity of Correcting the Atomic Weight of 
Silver. Ph. A. Gbye {J. Chim. Phys., 1919, 17, I7i_|86)_ 
From the experiments of Moles (A., 1916, ii, 49, 526) and Reiman 
(A., 1917, ii, 137, 200), the weight of the normal litre of hydrogen 
bromide has been calculated to the value 3-64423 grams. The 
weight of a litre of hydrogen bromide at 0“ and nnder a pressure 
of 2/3 or 1/3 atm. is given by 2-42197 grams and 1-20729 gram.s 
respectively. The divergences from Avogadro's la-w (It-A) and 
from the compressibility (.-1',,) have been found to be (l4-A) = 
1-00934 and A'(| = 0-00925 (see this vol., ii, 318). From these 
values, the atomic weight of bromine is calculated to 79-920. This 
value is slightly greater than the value obtained from the ratio 
Ag;Br, consequently it is suggested that the atomic weight of 
silver ought to be reduced to 107-87. J. p. g. 

Recovery of Iodine from its Residues. F. Arndt (Ber., 
1919, 52, [5], 1131 1134). — The residues are placed in a large 
flask provided with a rubber stopper which carries a tube reaching 
nearly to the bottom of the liquid. The other end of the tube is 
connected with a reversed wash-bottle and a source of oxygen. 
The residues (which should not more than half fill the flask) are 
acidified with crude sulphuric acid, and oxygen is passed into the 
flask. A small quantity of nitrite solution is added, the flask is 
securely corked, and passage of the oxygen is continued into the 
well-shaken liquid. Completion of the action is indicated by 
cessation of the oxygen absorption, when a further small quantity 
of nitrite should be added to make certain that all the iodine has 
separated. The crude iodine is purified by distillation with steam, 
the vapours being passed directly into a large Erlenmeyer flask, 
which is cooled by water and is also provided with a long, upright 
tube to serve as air condenser. The iodine which is thus obtained 
retains water with considerable obstinacy, and is most easily dried 
by warming it on the water-bath in a porcelain dish covered by a 
clock-glass; the latter is frequently removed and the deposit of 
moisture and iodine is scraped off. As soon as the sublimate 
appears perfectly dry, the main portion may safely be regarded as 
dry also. The iodine so obtained is pure. 

If the original solution is free from organic matter of high mole- 
cular weight, such as starch, the distillation with steam may be 
omitted. H. W. 

Electrol3rtic Production of Fluorine. W. L. Argo, F. C. 
M.ithehs, B. Humiston, and C. 0. Anderson (/. Phynirnl Che.m., 
1919, 23, 348 — 355). — The authors have prepared fluorine by the 
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electrolysis of molten potassium hydrogen fluoride. The eleotro, 
lysis is effected in an electrically heated copper vessel which serve, 
as cathode ; the anode is made of graphite. The anode is enclosed 
in a permeable diaphragm, which prevents the hydre^en liberited 
at the cathode mixing with the fluorine. As the electrolysis 
proceeds, potassium fluoride and copper fluoride are deposited from 
the fusion, and after a while it becomes necessary to regenerate the 
electrolyte. The most efficient conditions for work are a tempeti- 
ture of 240— 2.‘i0° and a current of 10 amperes at 15 volts. Using 
these conditions, the current efficiency is about 70%. In the pte 
paration, the potassium acid ffuorldo must be absolutely dry, and 
since this is difficult to obtain and keep on account of the hygro- 
scopic properties of the salt, the authors prefer the corresponding 
sodium salt, which has the advantages: (i) it is non-deliquescent, 
(ii) it decomposes below the fusion temperature, (iii) it contains a 
larger quantity of available hydrofluoric acid, and (iv) it is con- 
siderably less expensive. The properties of fluorine which may bs 
used for its detection are: (i) its not unpleasant odour (fluorint 
in small quantities is non-toxic, but long exposure to larger quanti- 
ties produces headache); (ii) the unlighted _ gas issuing from i 
Bunsen burner is immediately ignited by fluorine ; (iii) plphur and 
soft charcoal are quickly ignited when the gas comes into contact 
with them. S- 


Constitution oi Sulphur Vapour. James J. Bobbie and 
,T. J. Fox {Proc. Hotj. Snr.., 1919, [d], 96 , 484— 492).-Tb( 
absorption spectrum of sulphur vapour has been photographed it 
the temperatures 380- -1080°. Sulphur vapour was produced in a 
silica tube 100 mm. long and 12 mm. diam., and the measuremenfe 
were made with a large Hilger spectrograph. ^ Illumination was 
produced by a Nernst lamp for the visible region and the ultra. 
violet down to A 3100, and for the region beyond the range of tbi 
Nernst lamp a cadmium arc was employed. Weighed^ quantities 
of sulphur were vaporised in the tube, which had previously been 
sealed at a pressure of 8 mm., the gaseous content being nitrogen; 
a further series of experiments was made at atmospheric pressm. 
The spectrum shortens as the temperature is raised to b 50 , auer 
which it lengthens again. The maximum absorption therefor 
occurs at this point. The authors find on extrapolating the vapou 
density results of Biltz (A., 1888, 1027) that at ‘^fare 
650° the density corresponds with a molecule S.,. . 

therefore of the opinion that at suitable temperatures ^ulptar 
vapour contains the molecules So, S 3 , and Sg. 

The Reduction of Sulphurous Aad 
Sulphide in Aqueous Solution. Ernst Heinze (J. " J 

1919 riil 99, 109— 178).— For the quantitative investiptio 

between sulphur dioxide and sulph dej 

aqueous solution at different temperatures, an . { tb, 

structed by means of which accurately measured quantities 
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gsses could be brought successively into the reaction flask, in which 
water was already present, with complete exclusion of air. The 
course of the reaction was found to be very complicated and to 
involve a number of reversible reactions. It depends both on the 
relative proportions of the reacting gases used and on the order of 
addition. A considerable part of the paper is devoted to a 
description of the special methotls devised for the analysis of the 
reaction liquor. It was found that the sulphur formed in the 
reaction could be obtained in a readily filterable form if a small 
quantity of lanthanum chloride was present in the solution. Any 
remaining hydrogen sulphide was estimated by precipitation with 
cadmium sulphate; sulphur dioxide was removed by a current of 
nitrogen, collected in sodium hydroxide solution, and estimated 
iodometrically, whilst polythionic acids were determined by 
titrating the remaining solution with barium hydroxide. 

It is established, first, that sulphur dioxide enters into the reac- 
tion in the form of sulphurous acid, not in the anhydride form. 
The primary reaction appears to he represented by the reversible 
equation H 2 SO- 1 4-1128 — 1128 024-11080. Precipitation of sulphur 
is caused by the decomposition of the compound HoSO, which is 
assumed to he of the hydrogen peroxide type. This compound is 
also supposed to be formed by the further action of hydrogen 
sulphide on the sulphoxylic acid, thus: IIoS 0,2 + Hr,S — 2 H 2 SO. 
Consequently, the final result of the interaction of one mol. of 
sulphurous aciJ with two mols. of hydrogen sulphide is given by 
the equation 2H.2S+S0.) = 3S4-2H,,0. The reaction only comes to 
completion, however, after several months. The final state is 
reached more quickly in presence of excess of hydrogen sulphide. 
It is shown experimentally that hydrogen sulphide also reacts with 
polythionic acids to form sulphur and water. 

When excess of sulphurous acid is present, les,s sulphur is pre- 
cipitated and more polythionic acid formed. After about a day, 
a condition of equilibrium obtains. If, now, the precipitated 
sulphur is filtered off and the excess of sulphur dioxide removed 
by a current of nitrogen, in a short time more sulphur comes down 
and sulphur dio.xide again appears in the solution. It is shown 
that the sulphur, when once precipitated, takes no further part 
in the process, and the reversible reactions are supposed to involve 
the polythionic acids, sulphurous acid, and the compounds H 0 SO .1 
and H,'SO, thus; (41 H„SO.,+ SO„=: 

(5) HoSO + HoSO, =4 HoSoO, 4- H„0 ; 

(S) HoSoOi + HjSoO,’ = HoSA + HsO; (7) H,S,0,,+ HoS203 =: 

H 0 S 3 O 5 4 - H 2 SO 3 . With increasing concentration of sulphur di- 
oxide, the proportion of tetrathionlc acid increases, whilst that of 
pentathionlc acid decreases. This is attributed to the dehydration 
of the sulphurous acid owing to the increasing acidity of the solu- 
tion, with consequent increase in the production of H 2 S 2 O 4 by 
equation (41, 

When solutions containing excess of sulphur dioxide are allowed 
to remain for several weeks, increasing quantities of sulphuric acid 
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are formed, but the mechanism of this change <»nnot at presejj 
be explained. PoBsibly it is due to the decomposition of trithionit 
acid, which may be formed in small quantities and is known to 
decomimae into sulphuric acid, sulphur dioxide, and free siilph,, 

E-H.R,' 

Action of Sodium Thiosulphate on the HTOochlorites, 

p Djknert and F. Wandenbulcke (OoTupt. rend,, 1919, Iqq 
29—30). -A quantitative study of the interaction of sodium tiio! 
sulphate and sodium hypochlorite in dilute solutions shows that 
the reaction proceeds according to the equation SNa^SjOj+hci . 

6 II ,0 = Na,S 04 + 8 H 01 +H„S 04 + Na 2 SA + 2NaCl or 5Na0Cl+ 
3 Na 2 S 203 + 5 H 20 = 2 Na,,S 04 + NsoS^Oa + BNaCl + SH^O. In the 
presence of acids, however, or even in the presence of sodium 
hydroeen carbonate, much less sodium thiosulphate is required 
the reaction being hJa 2 S 203 + 4 C 1 . 2 + 5 H 20 = 2 NaHS 04 + 8HCl 

W. G, 


Selenic Acid and Copper Selenate. L. M. Dsssis Md 
J. P. Roller (J. Amer, Ghem. Soc., 1919, 41 , 949 — 970),.- 
Selenium has been obtained from smelter flue-dust by fusing a mis. 
ture of 300 grams of flue-dust, 200 grams of anhydrous sodium 
carbonate, and 775 grams of sodium peroxide in a large nickel 
crucible until the mass melted quietly. After cooling, the product 
■was treated with water and insoluble material filtered off; it wjs 
then nearly neutralised with hydrochloric acid, which precipitated 
most of the zinc and aluminium. After filtration, a large volume 
of hydrochloric acid was added, and the .solution boiled for thirty 
minutes to reduce selenic acid to selenious acid ; any silica present 
was precipitated at this stage; the filtrate was then heated to W 
and treated with sodium sulphite_ in small quantities. The 
selenium separates, and is converted into the grey modification by 
digesting it with the solution for several hours at 80 . 

Anode slimes containing 96% of selenium were also used to pro 
pare the pure element. The slime was added to concentrated Bitot 
Lid to which on^fifth of its volume of water had been added; . 
vigorous action ensued, and when this had moderated, themixte 
was heated to complete the oxidation. The solution was filter^ 
and a viscous, dark green liquid obtained evaporatri 

to dryness The residue was taken up with hydroch one acid (3.1) 
and tte selenium precipitated hyLulphur dioxide or sodium 

'"Sre selenium dioxide is prepared from selenium 

the substance obtained above in nitric acid ‘ 

solution to dryness. The crude dioxide 

in one end of a glass tube 85 cm. long and 3 5 

tube was covered with asbestos paper and placed ^ 

bustion furnace; a 2 cm. thick plug of glass 

middlA of the tube. The tube was so arranged in the fu 
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o^ly a smaU length protruded at the cold end. On heatin. the 
crude dioxide, it sublimed and condensed on the urotnidino oart 
of the tube, and as this became full, more of the tube was pushed 
out of tno fumftc©! ^ 

Selenious acid was prepared directly from anode slimes bv 
oxidismg with nitric acid and evaporating until a syrupy solution 
was obtained. On cooling, large crystals separated, and after four 
recrystallisations from water, pure seleuioiis acid, quite free from 
tellurium, was obtained. 

Tellurium may be detected in the presence of selenium bv dis- 
solving 10—20 grams of the oxide in hydrochloric acid (D liei 
heating to 90°, and saturating with sulphur dioxide The pre^ 
cipitated seleuium is filtered oil and the filtrate diluted with an 
equal volume of water and saturated cold with sulphur dioxide 
An immediate black precipitate of tellurium is formed if this 
element is present. A yield of 1200 grams of selenious acid was 
obtained from 3000 grams of slimes. 


Pure selemc acid has been prepared (i) by llie oxidation of silver 
selemte by means of bromine, (ii) by the oxidation of copper 
selenite by chlorine, and (iii) by the electrolytic oxidation of 
selenious acid. In the last-named method, the most efficient yield 
is obtained when lead dioxide anodes, in thimbles, are used. 

Selenious acid may be detected in the presence of selenio acid 
on the basis of the reaction H,Se03-H4HI = Se i-4I-f 3H.,0. Con- 
centrated seleric acid will also oxidise hydriodic acid, but if the 
solution is dilute, selenio acid will' remain unchanged If, there- 
fore, small quantities of potassium iodide are added to solutions 
containing both selenious and selenio acid in tesUubes 15 cm. 
long, there will be a yellow colour produced, due to iodine being 
liberated, and when the colour of the iodine is discharged by the 
ndditiou of a drop or two of sodium sulphite, the red turbidity 
due to free seleuium is visible. If the selemc acid is more con- 
centrated than 0'8%, iodine may be liberated by it, but as the 
hydriodic acid is not concentrated, the reaction goes no further. 
This reaction is capable of detecting 1 part of selenium dioxide in 
18,400 parts of selenie acid, or 1 part of selenium dioxide in 

2.500.000 parts of solution. 

Sulphuric acid in the presence of selenie acid may be detected 
in the following manner. Selenie acid is diluted to 4%, placed in 
a 350 c.c. beaker, 10 c.c. of 90% hydraxine hydrate added, and 
heated to 60°. Sufficient concentrated hydrochloric acid (.5 c.c.) is 
added to make the liquid distinctly acid, and the mixture boiled 
(or an hour. After cooling, the precipitated selenium is filtered 
pS, and the process repeated until no more selenium is deposited." 
phe filtrate is then evaporated to 25 c.c., and 2 c.c. of 10% barium 
phloride solution are added, and the mixture kept at 80° for an 
pour, when a white turbidity is produced if sulphuric acid is present, 
phis reaction is visible if 1 mg. of barium sulphate is formed, and 
ft is possible to detect 1 part of sulphuric acid in the presence of 

10.000 parts of selenie acid. 
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All attempts to prepare perselenic acid and perselenatej 
electrolysis gave negative results. ” ! 

The mouohydrate of copper selenate is produced from the ds 
hydrate by heating the latter at 102° for two hours. The pjjj* 
hydrate is completely dehydrated at 230 -235°, and the aahydr” 
selenate is stable up to 280°. The pentahydrate used ih a"' 
experiments was prepared by the action of chlorine on 
selenite, and contain^ copper chloride; this was removed 
trading with acetone in a Soxhlet extractor. In this process i) 
pentahydrate lost 211.20 and the trihydrate was formed; this j,,!,' 
stance has a pale blue colour. 

Ammonia derivatives of copper selenate have been prepaisd b 
methods analogous to those used by Horn and Taylor (A. igpj 
ii, 662) in the preparation of the corresponding derivatives d 
copper sulphate. (i) Copper selenate tetrcHimmoniate tmit. 
hydrate, CuSeO^.lNifs.HoO, is prepared by digesting 100 gra* 
of copper selenate pentahydrate with 125 c.c. of ammonium iyj,' 
oxide (0'96) until it has dissolved; ammonia gas is then led in jjjj 
in a short time clusters of deep bluish-violet crystals sepirjfe 
The crystals were dried by suction and finally air-dried. It ii 
quite stable when kept over lime, hut loses ammonia in the air ii 
crystallises in slender, orthorhombic prisms, (ii) Copper selemii 
triammoniate monohydralc, CuSeO^.SNHj.HoO, is prepared byei. 
posing the last described compouuil to a current of air for aboil 
twenty-tour hours. It is a blue compound which dissolves it 
water to give a blue solution this on dilution becomes lighter ii 
colour and deposits a basic salt, (iii) Copper selenate fetn 
ammoniate, CuScOj.dNHs, is prepared from the firshuamed » 
pound by placing it moist in a desiccator over lime at 35 m, 
pressure and keeping it there for seven days. It is of a liglla 
bluish-violet colour than the hydrated salt; it gives off aimioiii 
when exposed to the air, but is stable in a vacuum over lime. 

J. F. S, 


Formation of Ammonia by Means of an Electric Arc: 
Influence of Diminishing the Pressure. £. Baixsa and 1. 
Baerfdss (./. Ghim. I'hys,, 1919, 17, 71 — 140. Compare this rd. 
ii, 148),-— The synthesis of aiimioiiia from a mixture of nitride 
and hydrogen at reduced pressures by means of an alternating in 
between electrodes of various metals has been studied under a 1(»[ 
series of widely varying e.xperimeiital conditions. It is shown th 
at sufficiently low pressures (150 mm. and below) the arc assune 
the appearance of a luminous sheath, which surrounds the el« 
trades and becomes longer the lower the pressure and the htjn 
the current. This sheath plays an important part in the synlte 
of ammonia. On reducing the pressure, it is noted that sncceam 
decreases in the voltage of the arc have nearly the same effect ® 
the two pure gases and their mixtures. At pressures of the ow 
600 — 700 mm., an increase in the arc current leads to an incr« 
in the energy yield [Rdt), which is due to a lowering ^ 
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voltage, \\orlong at pressures ol the order 100 mm. „ith the 
theoretical mixture of gases, there is an improvement in the v»l„! 

Mt which is to be attribute.1, for the m^ost par tl tt j 
mg of the voltage At this pressure and with pfatinum electrode'' 
an increase m the nitrogen percentage leads to an increased 
quantity yield {Q) of about 200% for the optimum mixture of 6™ 
volumes of nitrogen to one volume of hydrogen. Usinv different 
metals as electrodes it is found that the metals of the platinum 
group give the best results, platinum itself being most efficient • 
these metals are followed in efficiency by tungsten and Conner’ 
Iron and nickel are very much les.s effective than the other metals 

S ientionea, and for these the optimum yield is obtained from the 
heoretical mixture at all pressures. The presence of moisture does 
,ot appear to affect the synthesis; the presence of oxygen in small 
uantities in certain circumstances acts favourably on the reaction 
It reduced pressures, the influence of the arc current appears to 
e connected with the temperature produced at the electrodes ■' tor 
■ery electrode there is an optimum diameter for every current 
■or currents up to 0-020 amp., cooling of tho region containing 
he arc does not increase the yield. At low pressures, the yields 
he almost independent of the distance between the electrodes 
jonsequently it is advisable to reduce this space as much as possible’ 
liuce it only plays a secondary part in the reaction. There is no 
fppreciable forniatiou of ammonia when nitrogen and hydroeen 
rhich have been submitted to the arc, are allowed to mix The 
oregomg results confirm in the main the theory of the formation 
f ammonia put forward by the authors. This theory states that 
mmonia is formed by the action of a high temperature followed 
y a kinetic phenomenon m the colder regions where tho ammonia 
sUble ill the concentration produced, rather than by the estab- 
hiiieiit of an equilibrium in the very cold regions In the 
ilatively cold regions, which are near the luminous sheath the 
|rmation occurs between the elements which have previously ’been 
fcndered active by contact with the electrodes. Tho activation of 
Be elements appears to consist of the dissociation of the molecules 
|to atoms at the very high temperature of the arc, and is favoured 
E of t-he pressure. Active nitrogen, described by 

«rutt, does not appear to take any part in the synthesis, and at 
le pressures employed does not appear to be formed. J. F. S. 

jl^lations between Nitrogen Peroxide and Nitric Acid 

t Tascal and Garnier (Bull. Soc. chim., 1919, [iv], 25, 309— 321). 
Results obtained for the density of nitrogen peroxide over the 
InDpraf.iiro Tanwr. n oi.Ko ... , 


*5'^ are in agreement with those of 


fcperature range 0- 

wdall (compare T., 1891, 59, 1076), being representedTy the 
uatiou D' = 1-490 -0-00215f. The density of nitrogen peroxide is 
veied by the addition of nitrous anhydride, the variations of 

I Th ^ composition of the mixture obe^’ing a linear law. 

ne density of nitric acid shows a marked increase with the 
aition of nitrogen peroxide (compare Lunge and Marchlewsky, 
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OUm, 1012 , 10), reaching a maximuan when tk, 
mixture contains about 42-5% by we>ght of Peroxide. Tii, 
corresponds with a hydrate, NA.N^O^HpO, and the existence »( 

this is^ confirmed by a thermal study of the reciprocal solubilities 
of nitric acid and nitrogen peroxide. This hydrate is stable below 
-48'5°, and at this temperature dissociates, liberating nitrogen 

^’'sSphuric acid is not appreciably soluble in nitrogen peroxide, 
but when added to anhydrous nitric acid or the acid containing j 
little water, it does not appreciably alter the solubility of the 
neroxide in the acid providing the mixture does not rantam more 
than 30% of sulphuric acid, the water content being the pnncipil 
factor of solubility. 

Some Properties of Acid Phosphates. A. Joaniiis {Gmpt. 
rend 1912 168, 1202— 1203).— Neither disodium hydrogen phos- 
uhate’ nor 'potassium dihydrogeu phosphate absorbs gaseous or 
liquid ammonia, and ammonium dihydrogeu phosphate only 
absorbs it very slowly. Similarly, in the absence of water, mag. 
neslum ammonium phosphate cannot be obtained from magnesium 
hydrogen phosphate. ' 

Allotropy of Carbon. Maurice Copisarow (Chm. News, 
1919 118 301—304) — The polyatomicity of the carbon molecule 
is proved by (i) the e.xistence of several forms of carbon which are 
chemically and physically distinct from one anether (ii) the high 
volatilisation point, (iii) the general theory of the solid state, 
(iv) the products of moist oxidation, (v) the combustion of carbon, 
and (vi) the X-ray spectrometnc study of the modifications ot 
“rbou In accordance with the theory of allotropy (this voL, 
d 2791 carbon may exist in three forms: (a) a non-ngid, mole- 
calar configuration, some valencies of which are free, ’ 

molecular configuration, some valencies of which ^ee and 
(c) a rigid, molecular configuratiou, all valencies of which are fixri 
Worn a^onsideratiou of the heats of combustion products of oadA 
tion, and the physical properties of the ® f 

is shown that amorphous carbon is represented by » 

I anT diamond by r. Possible configurations in keeping wift tie 

above are drawn in the paper. 

The OxidaUon of Coal, 

Richard Vernon Wheeler (T., 1919, 115, 895 90 ). 

The Preparation of Carbonyl Chloride hy 
Carbon Tetrachloride and Oleum or Ordma y ulp 
Lid. y. Grioxaro and En. Urh-UN rSlo I’ 

17-20) .-With sulphur ‘f fo n] gut with 

according to the aquation 2®93+9^*^°£lo^*fcCl=C0tt+ 
pyrosulphunc acid the reaction is SO3+ 2 4 * gjee oI 

2SO3HCI. With ordinary sulphuric acid in P 
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infusorial earth as a catalyst the reaction is ofr cr) , op^u 
3C0C1, + 4HC1 + S,0,CI„ together with a slight se;fndirt rea5 r 

SACl. + CCl =COCl, + 2SO,Cl, The prinfipa, ^ 

second metM IS fte presence of hydrogen chloride with the 
carhony chloride, but this may he got over to some e.vtent by dis- 
solving the carbonyl Aloride m carbon tetrachloride, the hydrogen 
chloride being only slightly soluble in this solvent. [See further 
J. Soc. Chem. Ind., 1919, August.] L»ee, Wr^er, 

Action of Concentrated Sulphuric Acid on Carbon 

1919, 169 34-^36 Compare Grignard and Urbain, preceding 

'•eacts with carbon tetrachloride 
at about 150^ according to the equation CCL i H SO wni , 
COa + HCl. If an acid which is slightly aqueot Vs used Ihe 
water present is decomposed by the chlorosulphonic acid first 
formed, giving sulphuric acid and hydrogen chloride. Finally the 
chlorosulphonic acid itself reacts with carbon tetrachloride thus- 

CCI* + 2SO,HCU^OAi+ 2HC1 + COCI,. The carbon^ohteide 
is purified by solution m carbon tclrachloride and subsequent 
distillation. ^ q 


The Sulphones formed by the Iodides of Sodium 
Rubidium, and C®sium. R. de Forcrand and F. Tabodev 
[(ompf. retid., 1919, 168, 1253 — 1257). — By the action of liquid 
sulphur dio.xide on the iodides of sodium, rubidium, and cssium 
tlie authors have obtained sulphones of the type MI,3SO», that of 
sodium beiug amorphous and the other two being soluble in excess 
of liquid sulphur dioxide, and crystallising from it on evaporation 

W. G, 


Stability of Sodium Thiosulphate Solutions. I. M 

Kolthopf (PImrm. WceUhd, 1919, 56, 878— S88).— In general’ 
the decomposition of thiosulphate solutions proceeds more rapidly 
in the light than in the dark. The oxidising action of the air may 
be prevented to some extent by covering the solution with a layer 
of light petroleum. The presence of alkaline substances prevents 
the decomposition almost completely. The addition of about 
jl 2 gram of sodium carbonate per litre is suflicieiit to ensure in 
great measure the stability of the solution. The accelerative effect 
of deposited sulphur on the decomposition i,s probably due to 
bacterial action . The deconipcKition may be retarded by the addi- 
tion of 0 01 gram of mercuric iodide per litre of solution. 

W. S. M. 

Sodium Hydrogen Sulphite Crystals (NaHS03,3H,0).— 

Walthee Schuler and Arno Wilhelm (Zeilsch. angew. Chem., 
1919, 32, 198 — 199). — The sodium hydrogen sulphite crystals 
Oeposited at low winter temperatures from aqueous solutions con- 
tain three molecules of water. They arc 2 — 6 cm. long, 2 — 3 mm. 

voi. oxvi. ii. 14 
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thick hexagonal in section, and belong apparently to the rhombic 
system At higher temperatures or when removed from the niotbet 
liquor, they rapidly lose water and disintegrate, leaving a residue 
of anhydrous sodium hydrogen sulphite containing sulphate and 
traces of pyrosulphite if they have been exposed to the air. 


Lime Mortare : Solution and Conversion of Solid Sub- 
stances into Colloids. V. Kohlschuttek and G. Whther 
(Zeitsch. Ehktrochem., 1919, 25, 159 183). The rate at which 
calcium oxide prepared from calcium carbonate, calcium hydr- 
oxide and calcium oxalate, respectively, combines with water 
vapour at the ordinary temperature has been determined. The 
volume changes and the amount of water taken up have also been 
determined The rate of absorption is shown to differ with the 
various samples of calcium oxide. Further, the rate of sediment- 
ation of calcium hydroxide has been measured tor calcium hydr- 
oxide prepared by 'slaking lime in water or solutions of calciuin 
chloride, calcium nitrate, sodium chloride, potessmm chloride, 
potassium nitrate, sodium hydroxide, sodium acetate, potassium 
thiocyanate, ammonia, ammonium oxalate, and sodium carbonate 
of various coiiccntrallons. The rate at which sedimentation occurs 
varies with the different electrolytes; some when in small concen- 
trations increase the sedimentation velocity, and in large concen- 
trations decrease it, whilst in other cases the reverse is the case. 
The velocity of sedimentation is greater when water is added to 
quicklime than when lime is addeil to water. Further a d.fe- 
ence is observed in the rate of sedimentation of calcinm hydroxide 
produced by slaking lime in lime-water. The sedimented product 
of a suspension of calcium hydroxide in wa^r is not the same ai 
the product obtained by slaking lime m water and allowing ,t to 
<;ettle Tho results obtainerl indicate that in the production of a 
true solution of calcium hydroxide in water from lime, an inter- 
mediate colloidal state is first formed. J- - »■ 

Lead-Sodium-Mercury and Lead-Sodii^-Tm AUo^. J. 

Goebel {ZM anor,. Chen... 1919, 106, 209 - 228 ) -A t em l 

investigation has been made of lead-sodium-mercury a leys ontam- 
ing ,lp^o 4% of sodium and 7% 

tin alloys containing «p to 4% of sodium and ^ J 

sodium binary alloys show a eutectic pmnt ^ 
sodium, the eutectic consisting of mix^ cijstals of 
lead with a compound, probably Na^Phs. fthtw- 

4% of sodium. To obtain the ^uilibrium diagram of the 
sodium-mercury alloys, sixty-three fusions ^ j t tut tie 

of mercury up to 2%, the 'ead-sodium eutectic persis^, 

eutectic point is lowered^ about 5 . ented in fc 

7%, the eutectic point disappears, hut is is more 

diagram by a minimum in ^ 

soluble in the lead-mercury mixed crystals than P 
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plan of Ae space diagram with isothermal lines is given The 
series of fusions with 3% of mercury was extended up to 12% of 
sodmin The liquidus line rises from 2-7% to about 5% of sodium, 
then falls to a eutectic point between 7 and 8 % of sodium at 290° 
and again rises to a high maximum at 354° with 10% of sodium’ 
It then falls rapidly towards another eutectic lino at 280°. The 
existence of at least two compounds is indicated, but their nature 
is not apparent. 

To obUin the equilibrium diagram tor the lead-sodium-tin 
system up to 4% of sodium and 6 % of tin, forty-eight fusions were 
made. The space diagram consists of two surfaces meeting in a 
depression running parallel to the lead-tin side of the diagram 
This depression represents the separation of a eutectic consisting of 
lead-sodium mixed crystals with an unknown compound. The 
temperature of the eutectic point falls with increasing quantities 
of tin from 308° to 296°. The lead-tin mixed crystals appear to 
dissolve no more sodium than pure lead. E H R 


Reduction of Metallic Sulphides by Means of Aluminium. 

N. Pakhavano and P. Agosti.ni ((lazze.lt, i, 1919, 49, i 103—115 
Compare Parra vano and De Ce.saris, A., 1917, ii’, 292)!— The dis! 
placement of the metal of a sulphide by aiiother’mctal in accord- 
ance with the equation M>-|-MS =MiS + M is considered in the 
two cases; ( 1 ) when the reacting compounds are able to exist 
together without mixing, and ( 2 ) when such compounds are more 
or less miscible in the liquid state alone or in both the liquid and 
solid states. 

In the experiments made, the metallic sulphide was added to 
molten aluminium contained in a clay crucible, the reacting sub- 
stances being taken in weighed quantities. The fused mass was 
then gradually heated and stirred until reaction commenced, and 
: after a short time was allowed to cool. In all .cases, the apparatus 
was surrounded by an inert gas. 

The sulphides investigated were PbS. Cu,S, SnS, CdS, ZnS, 
86583 , Ag 2 S, Bi 2 S 3 , NiS, and CoS, all of which were largely, and 
some completely, desulphurised by aluminium. Noteworthy is the 
reduction of zinc sulphide, to which is attributed a higher heat 
of fonnation than to the equivalent proportion of aluminium 
sulphide. With PbS, CujS, SnS, Ag.iS, and BhSj, the amount of 
the metal obtained approximates closely to the theoretical quantity, 
whereas this is not the ease cither (1) with CdS and ZnS, owing to 
he volatility of the reduced metal, or (2) with NiS and CoS, owing 
to projection of material from the crucible in consequence of the 
sxcessive vigour of the reaction. T. H. P. 

^ New Synthesis of Phosgenite. W. A, Hamor and H. E. 

Pum 430).— Phosgenite, 

tOgjPbClg, has been synthesised hy heating a mixture of lead 
lydroxide and excess of carbonyl chloride for one to four hours at 
*5 , 120-^, 150°, 175° 200°, and 250°. The beat results 

14—2 


were 
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obtained at 175°, the amount formed being less the higher tL 
temperature above this value. The product was crystalline aaj 
of a faint yellow colour, identical in all respects with the naturally 
occurring mineral. S. 

Combinations of Mercuric Chloride and the Alkali 

Chlorides. C. Tourneux {Ann. Ghim.t 1919, [ixj, 11, 22o— 36lj, 
From a study of the equilibrium of the system mercuric chloride- 
^olasTum Chloridr^water at 34°, 56°, 80°, and 100° the author 
shows that it is possible to ^l*!**" having the 

composition HgCl»2KCl,HjO and 2HgClo,KU,2H20. In addition, 
tlirpp '^ets of crystals have been obtained, the composition of M’hich 
maT bt represented by (2HgCl.„KCl U.aO)a(IIgCU,2KCl,H,0i, 
f2H£rCl, KCl H„0)(IIgCl„2KCl,H.p), and 

^ ■’ (72H^l.„KCl,H.p)(HgCU,2KCl,HjO)4. 

The author is not certain a,^ to whether the last three fonmili 
represent double salts or simply mixed crystals of the two salt^tlit 
composition of which is cxpresse.l in Jb* bracke s_ He has not 
succeeded in preparing the hydrate 2 HgCl 2 , KCl, n,,0. He has 
....Iflorl the existence at the ordinary temperature of tha 
IlwtvtysSune salts: HgCh,RbCl,H,Or IlgCl.NaCl.SaO; 
HgCh,NH4Cl.H.30; 4TIgC1.,,3RliCl,H,0. , 

The crystalline double salts formed by mercuric chloride and Ih 
alkali chlorides are all homoeomorphic and show a marked cheniwl 
analogy. The analogy of the properties of these crystals mtli 
those of the zeolites suggest that the water content of the cryst* 
depends on the vapour tension of the surrounding inedum. 


Extraction of GaUium and Germanium from Zinc Oxide. 

H, C. Focc and C. .Iames (,/. Amer. (Aem. Soc., 1919, 41 
q 47 _ 949 ) — Some zinc ores contain small, though appreciable, 
amounts of germauiiim and gallium, and, these metals being fe 
volatile than zinc, remain behind m the retorts when the me 
distils off These residues furnish a good source for the Minent 
gallium and germanium, although the amounts obtainable w 
enormously; for example, 100 lb. of one specimen gave 8 grams o 

'.sr.ffrgSS .d« p*; 

to Sd f «n»5._ 'VI, .. n ».» »■.*;, ■ “ 

potassium chlorate was added taref \ , 

shaking, oxides of chlorine were evolved ® mth its balb i. 
nected to a condenser and irterfcollectA 

the liquid, and the liquid distilled; ^rnnanimn aaJ * 

the first, up to 121°, containing very e je™ ^ 

second, up to 135-140°, containing practically the w 
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germanium. The distillate from several quantities were then 
Iturated with hydrogen sulphide, and the white suluhide 
off The liquid left in the flask was diluted witra C of wate 
and lead chlonde allowed to settle. The clear liquid was decanted 
from the sediment and treated with ainmouiuni hydroxide until a 
slight permanent precipitate was formed, metallic zinc wa.s added 
and the whole digested at the boiling point for several hours The 
precipitation was considered complete when a portion of the sutler 
natant liquid gave a precipitate of basic zinc chloride on dilution 

“"rt b,asic salt, were filtered 
off and the filtra e examined spectroscopically to a., certain if all 
the gallium had been precipitated. Ten such precipitates, corre- 
sponding with dO kite, of the original oxide, were united dis- 
solved m commercial hydrochloric acid with the aid of a ’little 
potassium chlorate, boiled, and lead chloride allowed to separate 
This was removed and the solution saturated with hydrogen 
sulphide. The precipitate was filtered off and the filtrate boiled 
neutralised with dilute ammonium hydroxide until a penuaneiit 
precipiUte just formed, and again digested with zinc at the boil- 
ing point. When the solution had turned basic, it was poured 
from the precipitate, diluted, and filtered, the operation being 
repeated with the filtrate until the basic precipitate ceased to show 
a gallium spectrum. The precipitates poor in gallium were placed 
with those first obtained from the crude zinc chloride, The pre- 
cipitates rich in gallium were again dis.solved in hydrochloric acid, 
the solution nearly neutralised, saturateil with hydrogen sulphide! 
and filtered. The filtrate was treated with ammonium chloride! 
made alkaline to litmus with ammonia, and boiled until just acid! 
A gelatinous precipitate consisting of gallium, aluminium, and iron 
hydroxides was filtered off and washed. From 100 lb. of the crude 
zinc oxide, 60 grams of the mixture of hydroxides was obtained. 
These were dissolved iu the minimum quantity of hydrochloric acid 
diluted with water, and nearly neutralised with sodium hydroxide! 
After the addition of a little formic acid, the liquid was treated 
with an excess of sodium formate, the precipitate collected, and 
thoroughly washed to ensure the complete removal of zinc. The 
precipitate and filter paper were placed in water in a casserole, 
saturated with hydrogen sulphide, and digested with cold 1% hydro- 
chloric acid. The insoluble tin and cadmium sulphides were 
removed by filtration. The filtrate was made slightly alkaline with 
ammonia, boiled until slightly acid, and the gallium and aluminium 
hydroxides filtered off. These were dissolved in the minimum 
quantity of hydrochloric acid, and an excess of sodium hydroxide 
solution added. The solution was then electrolysed by a current of 
1'5 amperes, using platinum electrodes 3 cm. sq. The gallium was 
deposited on the cathode in bright, shining globules, which dropped 
off as they became larger. When no more gallium was deposited, 
the solution was poured off and the metal washed several times 
with water, and the globules then united by the addition of a few 
drops' of concentrated hydrochloric acid. J. F. S. 
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DoviJ)le Selenates of the Iron Group. A. e, 

TUTTON {Fhil. Trans., 1919, [4], 21S, 39^40).-'rh6 crystal 
graphic and optical investigation of the crystals of the four salij 
of tiie series B«,M(Se0a),6H20, in which M is ferrous iron and R 
is potassium, rubidium, ciesram, and ammonium, has been com- 
pleted and the detailed results are recorded in this paper. The 
examination of the crystals of the potassium salt was accomplished 
under great, difficulties on account of the rapid decomposition' of 
the crystals, apparently into the dihydrate, at temperatures very 
little above 0°. Suitable crystals were obtained on four very cold 
nights and the necessary measurements were made by intensive 
working in a room the temperature of which never exceeded 6°. 

The salts all crystallise in the holohedral class of the monocHnic 
system and are closely isomorphons with the other salts of this 
extensive series. In this ^oup, as ^ ^ of .the series, 

there is a regular progression in the habit and dimensions of the 
crv’stals from the potassium, through the rubidium to the cresiuni 
salt whilst the ammonium salt approximates closely in 
rpsnects to the rubidium salt. 

Potassium ferrous selenate, K2Fe(Se04)2,6H,0, :c=0’74M: 

1 :0 5oH 7= 103050', D? 2-494, M.V. 210-39 
Rubidium ferrous selenate, Ub2Fe(Se04)2,6H20, u ;c-0-74'24' 
1 -O-WOO 8= 104057', Df 2-800, M.V. 220-29. 

Caesium ferrous selenate, Cs2Fe(Se0,)2.6H20, a: !) ;c-0-7308;l: 
O-49T9 8=10602', Df 3-048, M.V. 233-21. 

Ammonium fe rous selenate, (NII,)2re(SeO,)c,6H,20, a:6;r= 

0 -74^3 i7-5019, 0 = 1O6O9' Df 2-19R M.V. 220-39, 

The ret^ular progressive change in the dimensions of the crystal 
structure^in the isomorp^ous scries on passing from potassium to 
SL is associated with the regular increase in the atomic mmta 
Ttbe alkali metal. The isomorphism of .the ammonium sa s wit 

ta. .1 “ “tali ...1.1. i. w 5 K •' *>■" “ft ' 

the Barlow-Pope theory of valency volume. b, H. . 

Triboluminescence of Uranium Compounds. J. A, 

ptataEratal” ob«r.«l b, IW *1™ 

crystals. 
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The Use of Freezing-point Determinations in Quantitative 
Analysis. Charles Edward Fawsitt (T., 1919, 115, 801—808). 

Calculation of Possible Error in Volumetric Analysis. 

V ZoTiER (Bull. Sci. Bharmacol., 1918, 25 , 274—282, 357—364; 
from Chem. Zentr., 1919, ii, 636 — 639). — A mathematical paper in 
which the inaccuracies inherent In volumetric analysis are con- 
sidered. The errors arise from incorrect calibration and reading 
errors in measuring vessels (pipette and burette) and from un- 
certainty with respect to the end-point of the indicator.. The 
various methods of preparing standard solutions are also treated, 
as well as errors due to impurity in the standard substance. A 
mathematical expression taking these factors into account is derived, 
for details of which the original must be consulted. It is thus 
calculated that the possible error in the determination of chlorine 
ill commercial salt (1 gram of substance dissolved in 100 c.c. and 
titration of 20 c.c. of the solution with A/lO-AgNOj) is about 
1 in 100. 


New and Rppid Apparatus for Electrochemical Analyses. 

J T. King {Vheiu. und Met. Bmj., 1919, 21, 25 29). Tn 
electrochemical analyses, agitation of the electrolyte hastens deposi- 
tion of the metal, and the author has originated a more cfScient 
method of agitation by rotating the containing beaker. Two ex- 
nerimenul designs and the final form of apparatus are desenbed. 
Besides the method of stirring, the system of wiring and the e ec- 
trode holders are novel, The circuit is not broken when a beaker 
is lowered and a cell removed from the circuit. The operation of 
the apparatus and the method of carrying out an analysis are 
described. Tests were made on copper solutions of known strength 
to determine the speed and accuracy of the apparatus, and the 
results are tabulated. With currents of three, six, and nine 
amperes, the times taken to deposit 1 gram of copper were found 
to be thirty-five, twenty-five, and si.xteen minutes y. 

Three unknown brasses were analysed for copper, and the resn! s 
obtained by this and other methods of stirnng, »rried out 
by different operators, are tabulated, and show excellent agreement. 


Comparative Teats of "Palau” and 
Ware as Substitutes for Platinum L^o^tory Utensds. 

L. J. Gurevich and E. Wichers (.7, 7ml. in?. Chem., 1919. 
570— 573).— “Rhotanium A” ware (gold, 90^; palladium, 10/4) 
superior to platinum as regards resistance to loss on 
ing hydrochloric and hydrofluoric acids, boiling 20% sodium hyd 
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oxide solution, sulphuric acid, and fusion with sodium carbonate ot 
potassium pyrosulphate, but inferior as regards the action of nitjj 
acid, ferric chloride solution, and fused sodium hydroxide. J; 
must not be heated higher than 1100°. ' Rhotanium C" (goy 

70%; palladium, 30%) and "palau” (gold, 80%; palladium, jO"! 
alloys are superior to platinum as regards heating up to 1200". 
they behave towards reagents similarly to “rhotanium A,” 
are not suitable for potassium pyrosulphate and sodium hydroxide 
fusions. P. S. 


Sulphite Leuco derivatives oi Triaminotriphenylmethaiie 
as Reagents ior Alkalinity and for Dissociation of Salu, 

I. Guareschi (Gauetta, 1919, 49, i, 115 123). Magenta and 
other colouring matters of the tripheuylmethane group, when 
reduced by means of sulphur dioxide or a hydrogen sulphite, sene 
as good reagents for bromine and hypobromites (A., 1912, ii, 989 |^ 
and it is now found that they are also applicable to the detection 
of alkalinity, particularly with potable waters. The constitution 
of these compounds still remains undecided (compare Hantesch and 
Ostwald, A., 1900, i, 266). The sensitiveness of the reaction is 
such that preliminary concentration of the water by evaporation 
is unnecessary ; the intensity of the coloration is greater when u 
ethyl group than when a methyl group is present in the leuco 
derivative, and still greater when the ethyl group is united to an 


imino-group. 

Decolorised triethylrosaniline hydrochloride (Hofniann’s violet] 
gives an intense violet coloration with dilute solutions of faintly 
alkaline salts, such as calcium hydroxide, carbonate ot hydrojeii 
carbonate, dimetallic hydrogen phosphates, borates, lead salts 
(normal or basic acetate), sodium acetate, basic quinine sulphate, 
aniline, magnesium phosphate, and magnesium ammonium phos- 
phate; the reaction is more sensitive than that with litmus or other 
indicator. Wheat starch, which contains no proteins, gives no 
coloration, whereas rice starch, always containing more or less 
protein matter, reacts distinctly. The colouring matter formed li 
highly adherent to glass. With distilled water, or with dilute 
solutions of neutral salts like sodium chloride, no reaction tales 
place within an hour, and only a very faint coloration appears 

after a long time. , , , 

Similar colorations are given by magenta, p-rosanilme hydro 
chloride, methyl-violet, and crystal-violet, previously decolorised by 
sulphur dioxide. The coloration of the crystal-violet reagent w 

hypochlorites (compare I.e Roy, A., 1916, ii, 535) ■ 

solutions having an alkaline reaction, but free from ^79“ p 


Estimation of Perchlorates, Alone, or 
of Chlorates and Chlorides. J, Goilfoyle 
News, 1919, 119 , 8).—Perchlorate3, but ai 

reduced by titanium trichloride solution in hot acid s 
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excess of titanium trichloride is used, and this excess is subsequently 
titrated with ferric sulphate solution. [See, further J Soc Chem 
Ind., 1919, August.] p g 

Estimation of Iodide in Mineral Waters and Brines 

W. F. Baughman and W. W. Skinner (J. I„d. Eng. Chem., 1919 
11, 563— 568).— A quantity of the sample containing not more 
than 01 gram of iodine or more than 10 grains of total salts is 
diluted to 100 c.c., boiled with the addition of sodium hydroxide 
and sodium carbonate, and filtered. The filtrate is neutralised 
with sulphuric acid, 1 c.c. of 4% sodium hydroxide solution is 
added, the mixture boiled, an excess of potassium permanganate 
is added, and this excess then decomposed by treating the cold 
mixture with alcohol. After filtration, the solution is treated 
with 2 grams of potassium iodide, acidified with hydrochloric acid, 
and the liberated iodine titratcij with thiosulphate solution. If 
it is desired to estimate bromine in the .sample, the iodine may be 
first separated by steam distillation with the addition of ferric 
sulphate; the distilled iodine is collected in potassium iodide solu- 
tion and titrated. \V. p, g, 

A Modified “Etching" Test for Fluorides. Wiuiam 

Partridge {Analyst, 1919, 44, 234— 235).— The substance under 
examination is treated with 2 or 3 c.c. of 25% (by volume) sulphuric 
acid, the liquid covered with a layer of butter fat, and the test-tube 
placed upright in water at 80® to 95° for three hours. In the 
presence of O'Ol gram of sodium fluoride, the glass in contact with 
the acid will be ‘'etched,” and the markings will not be aSeeted by 
successive treatment with ether, boiling alcohol, and boiling hydro- 
chloric acid, or by rubbing with a piece of wood. C. A. M. 

Method of Analysis of Fluospar and of Basic Slags 
containing Fluorine. 0. R. DoytK (Chem. News, 19)9, 118, 
304— 305).— Half a gram of the linely powdered sample is weighed 
into a dish, converted into a paste with 5 c.c. of water, and 
evaporated on a water-bath almost to dryness with 35 c.c. of 
glacial acetic acid. A further quantity of 25 c.c. of glacial acetic 
acid is added, and the mass evaporated to dryness on a water-bath 
and then heated in a steam oven until all acid has been expelled. 
The residue is transferred to a beaker and diluted to 80 c.c., boiled, 
and filtered. The filtrate contains («) available lime (CaO or 
CaCOj), (6) soluble silica, (c) manganese, (</) magnesia, (e) lead, 
whilst the. residue contains (a) all calcium existing as CaFj, 
(h) silica, and (c) iron and alumina. The residue is ignited in a 
platinum dish, cooled, weigher!, treated with hydrofluoric acid, 
evaporated to diyness, ignited, and weighed. The loss in weight 
gives the amount of silica present. The, remaining residue is 
treated with 5 c.c. of sulphuric acid and evaporated until fumes 
are evolved, then it is ignited and weighed. The gain in weight 
is the increase of calcium sulphate over calcium fluoride, 
CaSOj X 0-5735 = 5 CaF 2 . The residue, is bgiled for twenty miuutes 
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with 20 c.c. of hydrochloric arid, diluted, and preapiteted by tin 
addition of anunonium chloride and ammonia, boiled, filtetej 
ignited, and weighed. The weight is deducted from the weigt^ 
of iron aluminium, and calcium fluoride, and giv® the weight of 
calcium’ fluoride. If lead is present, it must be removed by 
hydrogen sulphide before the iron and aluminium are precipitated 
The filtrate is estimated in the usual way. J. F. S. 

Estimation of the Oxygen Content of Org^ic Substances, 

Kobert Strebingek (Zeitsch. anal. Chem., 1919, 58, 97— 
Oxidation by heating at 200^ with a mixture of potassium iodjis 
and sulphuric arid, and subsequent lodometric titration oi the 
excess of iodate, affords a means of estimating the oxygen eoiitent 
of organic substances provided that the percentage amounts of the 
other constituents are known. The method is applicable to sub. 
stances eonteining carbon, hydrogen, oxygen, halogens, sulphu,, 
and nitrogen, but the nitrogen must not be present as amide. The 
oxygen may be calculated from the following fomiuh, 

O'Y - 2-66GG X C% + (1 - 0-21568 x N%/H%) x 

0% - 2 two X V ^ ^ ^ _ jgg ^ 

where f? is the weight of snbsUnce and O' the quantity of oxygen 
yielded by the iodate; C molecules of lodale give 1 ^ atoms oi 

oxygen. 

c'e^jrvsiatinn of NitroK^Jt Ammonia as Am- 
monium Chloride. A. Vh.liers ^oc. dim., 1919, [ivj 

05 335-337 Compare A., 1918, ii, 332).-Further evidence is 
giv’en showing that the loss in weight of ammoninm chloride w en 
heated In a Lrrow-necked, conical flask for tour days at lOo" ,s 
practically negligible (compare Anger, this vol., u, 11(). M. G, 

Volumetric Estimation of Phosphoric Acid by Ik. 
Method, as appliedto the EsUmaUen of Ma^es.um 

I W Springer (ZeiUch. angew. (,hm., 1919, 32, 192), Ue 
magnesium salt is precipitated as ammonium magnesium f oi- 

rt\*tdCi;fand" wSantard- ” 

Stion, using poUssip ferrocyanide - - -ternal mdi* 

[See, further, J. Hoc. Cbcm. hid., 1919, August.) 

I'^'Tw’mg!) ri sSfee; the 

Micro-methods for 

3 r 7 ^V 4 ).-Pregr apparatus for oomtu- 
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and his potassium dichromate were applied to the estimation of 

carbon dioxide and moisture in minerals. The moisture values 
obtained ifl this way were too high. Vanadium pentoxide, having 
a low m. p. (660°), being strongly add at high temperatures and 
combining with most substances to give readily fusible products 
was thought to be a likely substitute that might give bettor results' 
The results for carbon dioxide were accurate, but the moisture 
values were still too high. Twenty to thirty mg. of the sample 
were used, and to this was added 0-2 to 0-3 gram of the oxidisiiiv 
agent. Neither can be rendered siiificiently free from moisture to 
yield trustworthy results. A Penfield apparatus made on a 
“micro” scale gives trustworthy figures when employed iu the 
estimation of moisture in minute amounts of mineral sample. 

Chemical Abstracts. 

Cyanometric Method of Estimating Silver and Halogens 
in Ammoniacal Solution. J. Euueut and Lorns Zepfel (Her., 
1919, 52, [dlj, 1177 1185).— The procedure depends on the fact 
that silver iodide is only precipitated from very dilute ammoniacal 
solutions of silver salts by addition of potassium iodide when large 
amounts of electrolytes are present or when the solution is warmed, 
continuously shaken, or preserved for a long time; otherwise, an 
opalescence of colloidal silver iodide is formed. If potassium 
cyanide solution is added, the turbidity increases at first and 
suddenly disappears when the amount of CN' necessary for the 
formation of Ag(CN)'2 has been added. Silver is estimated in 
ammoniacal solution in the following manner. A known volume 
of approximately O-lA-polassium cyanide solution is diluted with 
about four times its volume of water, and sufficient ammonia is 
added to make the solution at least 0'23A' ; after introduction of 
a quantity of potassium iodide approximately equivalent to that 
of the cyanide taken, the silver solution is added to incipient 
turbidity. Halogens are estimated indirectly by using an excess 
of silver nitrate solution and titration of the residual silver after 
filtration of the silver haloid. The method can also be applied 
for estimation of acids, the silver salts of which are distinguished 
by sufficient difference in their solubility in ammonia; thus, chloride 
and iodide may be simultaneously estimated in that their sum is 
determined by the indirect process and the iodide alone estimated 
iu a solution which is sufficiently ammoniacal to retain the silver 
chloride in the dissolved state. To obtain accurate results, it is 
necessary that the amount of potassium iodide used as indicator 
should be approximately equivalent to the amounts of substance 
taken for titration. 

The use of potassium iodide in T.iebig’s method of titration is 
shown to bring no advantage, and in certain cases even tu lead 
to false results. H. W. 

Sensitive Reaction of Manganese Salts. H. Gabon 
and D. Eaqtjet (Ann. CMm. anal., 1919, [ii], 1, 174). — A red 
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coloration ia obtained when 10 c.c. ot a manganese salt solution jj 
treated with 2 c.c. of saturated potassium oxalate solution, l 
of acetic acid, and a few drops of potassium hypochlorite solutioj,' 
The teat will detect the presence of as little as O'OS mg. of 
ganese in 10 c.c. ot solution. Zinc salts do not interfere with the 
reaction, but iron salts must not be present. W. P. g 

Estimation of Ferrous Iron by means of the Oxidatioa 
Potential. I. M. Koltbopp (Chem. Weekblad, 1919, 15 

450 461). — The ferrous solution, acidified with sulphuric 01 

hydrochloric acid, is titrated with a standardised potassium Ji. 
chromate solution. The E.M.F. between a platinised platiuimi 
electrode immersed in tbe solution and a normal calomel electrode 
is determined after successive additions ot the dichromate solution, 
and the values obtained are plotted in a curve against tbe volume 
of tbe solution added. In the neighbourhood of the eud-point, 
the E.M.F. increases rapidly, the exact end point being givou by 
the middle point of the nearly vertical curve section. Titration 
with potassium bromate gives satisfactory results, the end-point 
being sharper in hydrochloric than in sulphuric acid solution. 
With potassium permanganate solution, the value of the E.M.!. 
obtained is variable, increasing when the liquid is stirred. 

W. 8. M, 

Estimation of Nickel in Ferro-nickels and Steels, 

Paul Niooi.akdot and Georges Gourmain (Bull, Soc. chim., 1919, 
[iv], 25, 338—344). — A comparison of the three methods of estini- 
Uiug nickel in nickel steels, namely : (1) electrolytic method; 
(2) precipitation with dicyanodiamidine; (3) precipitation with 
diiuethylglyoxime. Method (2) gives results comparable with 
those of method (3), but needs much more care in its conduct 
The results obtained by the use of dimethylglyoxime are invariablj 
lower than by the electrolytic method, since in the latter method 
any cobalt present, and generally a little iron and manganese, are 
weighed in with the nickel. For rapid work, too, the dimethyl- 
glyoxime method is preferable, the precipitate being weighed on 1 
tared filter paper, 

Estimation of Small Quantities of Antimony. W. Biah 
and G. A. Freak {And,ja, 1919, 44, 196-199).-When m^iEed 
slightly, a method described by Schidrowitz and Goldsbrougn (A., 
1911, ii, 338) was found to be trustworthy. In this method, the 
antimony is deposited on a strip of copper, then dissolved m 
alkaline permanganate solution, and estimated colorimetnca y ss 
sulphide. The chief modifications introduced are the reduchon ol 
antimony solution with sulphur dioxide before the 
with hydrogen sulphide (this ensures the precipitation of the me 
as its trisulphide, which is always the case in j 

tion), and the use of 1% potassium hydroxide solution and a 
amount of potassium permanganate solution for the solution 
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deposited antimony. [See, further, J. Soc. Chem. Ind.. 1919, 
515a.] p g 

Estimation of Small Amounts of Benzene in Ethyl Alcohol 

11 555-556) -One hundred c.c. of the alcohol are, mixed with 
200 c.c. of water and distilled, 20 c.c. of distillate beine collected 
in a narrow, graduated tube having a capacity of 50 c.c. This 
distillate is treated with 15 c.c. of potassium dichromate solution 
(onc-sixth saturated) and 2 c.c. of hydrochloric agid (D 1‘12), the 
tube closed with a rubber stopper, and its contents mixed. After 
about fifteen minutes, the mixture is shaken with exactly 10 c c of 
light petroleum and the latter allowed to separate; the increase in 
volume of the petroleum gives the amount of benzene present 
The method is trustworthy for quantities of benzene up to 0-75%. 

W. P. S.° 


Chlorination of Benzene. Analysis of Mixtures of 

Benzene, Chlorobenzene, and Dichlorobenzene, etc. Pkrcy 

F. Krankland, S. Raymond Cautf.r, ami DoRimiv Webster (,/. 

Chem. Ind., 1919, 38, 153— 155). -The method described is 
similar in principle to that employed by Colnian (A., 1915, ii, 184; 
,/. Soc. Chem. hid., 1919, 38, 57) for the estimation of 'the per- 
centages of benzene, toluene, and xylene in oonimercial toluene. 
The sample (100 c.c.) is distilled from an Rngler flask under 
uniform conditions, and the distillates are collected in measuring 
cylinders. Three fractions arc obtained by inle.rriiijling the dis- 
tillation at 122° (corr.) and again at 142° (corr.l. The volumes of 
liquid which distil below 122° and above 142° are noted, and the 
percentages of benzene and chlorobenzene present in the original 
mixture are obtained from a graph which has been constructed 
from experiments with mixtures of known composition. The di- 
chlorobenzene may be foiiiid by difference. The graph is only 
applicable to samples containing 50—30% of chlorobenzene and 
for those which contain such amounts of benzene and dichloro- 
henzene as yield not less than 5% or more than 50% either below 
122° or above 142°; in cases where the sample does not fall within 
these limits, such measured volume of benzene, chlorobenzene, or 
diehlorobenzene is added that the resulting mixture comes within 
the specified limits. The graph was constructed by the use of pure 
p-dichlorobenzene, but it is found that the presence of o-dichloi'o- 
benzene does'not materially affect the accuracy of the process even 
if it forms about 40% of the total dichlorobeuzeno present in the 
mixture. Benzene hexachloride, if present, should be filtered 
before distillation, and the quantity then remaining in solution is 
too small to influence the, analysis; if its percentage is required, it 
IS allowed to separate si the ordinary temperature from the frac- 
tion, b. p. above 140°, collected, washed with light petroleum 
fb. p. 65°), and dried. The mother liquor is concentrated, and 
the second crop similarly treated and weighed with the first lot of 
benzene hexachloride. H. W. 
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EstiuiRtion of Monochlorobeuzone in l^^xtures coa- 
taming Benzene, Monochlorobenzene, and Dichlorobenzene. 

N. G. S. CoppiN and F. Holt (Analyst, 1919, 44 , 226 229)..-.j^ 
method of estimating monochlorobenzene m crude chlorinated 
benzene has been based on Northall-Laurie’s method of estimating 
toluene in commercial toluene (A., 1915, ii, 703). A known volume 
of the sample is distilled, the first quarter of the distillate collected, 
a further half then distilled, and the residual quarter left in the 
flask. The boilmg points of the first fraction and of the residue 
are determined in the special apparatus devised by Northall-bauric, 
aud from these results, by reference to a graph constructed from 
the results obtained with mixtures of known composition, the 
amount of monochlorobenzene in the sample is found. The graph 
is made by plotting the results obtained with weighed quantities 
of benzene, monochlorobenzene, aud p-dichlorobenzene, the boiling 
points of the first fractions forming the ordinates and those of the 
residues the absciss®. Small amounts of o-dichlorobeiizene and 
trichlorobenzene are also formed when benzene is chlorinated, but 
not in sufficient quantity to have a material influence on the 
results. [See, further, J. Soc. Clitm. h>d., 1919, August.] 


A Revision of tbe Copper Phosphate Method for the 
Titration of Sugar. Ono Foi.in aud Eugene C. Peck (J. Biol. 
Chem., 1919, 38 , 287 -291).— Variable results were eiicouiitereil 
with this method when salt mi.vtures prepared from the same lot 
of chemicals by different individuals were employed. It was ascer- 
tained that, in order to obtain concordant results, great care must 
he taken to prepare the salt mixture correctly. The preparation 
of this mixture is described in detail. The method of Folm and 
McEllroy (A 1918, ii, 207) could, however, be justly criticised on 
th? ground that reduction of the copper sulphate by the thio 
eyacL may occur. By rendering the copper sulphate soluton 
alkaline before adding the thiocyanate, this reduction is prevented. 
The modified process is as follows; 6 c.c, of the 5'9%-ropper 
sulphate solution are placed in a test-tube and rendered alkahne 
by the addition of 1 c.c. of saturated sodium carbonate. Four to 
five grams of the phosphat^arbonat^thiocyanate mixture aj 
now Lded, and the whole is heated until the salts have too v j. 
The titration is then carried out as described m the origma m _ 


Micro-estimation of Sugar in Blood. A. Kowarskt 
msd. Woch., 1919, 45 , 188-190; from 
475).— The method depends on Bertrands process, 
in boiling tbe sugar solution with and 

separating the precipitated copper oxide from the 
dissolving it in acidified iron sulphate solutio i pe,. 

formed (equivalent to the cuprous oj^'de) s 
manganate. To avoid loss when working with small quan 
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sugar, a known weight of the latter ia added to the cuprous solu- 
tion, which IS subsequently deducted from that found e^eriment 
ally The metht^ penmte an exact estimation of sugar (to 0-01%) 
in 0 35 c.o. of blood and can also be used for determining sugar 
in urine. It is particularly useful in diagnosis of disease of the 
kidneys in which only small quantities of urine are frequently 
available; an exact estimation can be made with 01 c.c, of urine. 

H. W. 


New Method for the Estimation of Oxalfc Acid Hnro 
Knause («ei-. 1919, 52 [21], ,2,2-_l223. Compare this vo1 
11 , 203).— A reply to Ott (this vol., ii, 303). H. W. 


Methods for the Quantitative Estimation of Hin- 
puric Acid. New, Simple, and Accurate Method. 

Eduardo Filipdi {Arvh. Farm. Sperim. sci. aff,, 1918 26 
213—256; from CViem. Zenir., 1919, ii, 472).— A review of the 
previous methods is given, but the results obtained by them are 
not satisfactory. A simple method has therefore been elaborated 
based on the observation of Pelouze, that hippuric acid is con- 
verted into benzoic acid when boiled with sulphuric acid and man- 
ganese dioxide. Urine (300--500 c.c.) is concentrated to 100 c c 
and extracted during two hours at 60—65° with a mixture of 
benzene (2 volumes) and alcohol-free ether (1 volume); after 
removal of the solvent, the residue is heated under a reflux con- 
denser, gently at first, but finally more strongly, with sulphuric 
acid (20 c.o.^ and manganese dioxide (3- 4 grams) during one and 
a-half hours. The product is distilled with steam, and the distillate 
is thoroughly extracted with ether. The benzoic acid left after 
removal of the ether i.s weighed. H. W. 


Micro-estimation of Fat. E. and (Mrs.) F. WeehdtII!!i 

{Fharm. Wetkhlad, 1919, 56, 810— 822).— A criticism of the 
method of Ivar Bang for the estimation of fat in small quantities 
of blood (Methoden zur Mikrobestimmiing einiger Blutbestand- 
teile). The following improvement of the method is proposed: 
About 0’3 gram of blood is absorbed in two or three pieces of filter 
paper (16 mm. x 26 mm.), and the weight determined in a torsion 
balance. The papers are dried in a vacuum and then placed in 
a test-tube (2*5 cm. x 16 cm.) with about 7 c.c. of alcohol. The 
tube is suspended in a water-bath at 90°, and the alcohol boiled 
for five minutes. The solution is transferred to a pointed centri- 
fuge tube (1-5x10 cm.) and evaporated to 2’5 c.c. in a water- 
bath. The papers are extracted again with 8 c.c. of alcohol, and 
the solution is added to the centrifuge tube, in which the volume 
IS again reduced to 2-5 c.e. In both cases, evaporation is expedited 
by passing hydrogen through a capillary tube into the liquid. 
Five drops of 7r/2-sodium hydroxide solution are now added, and 
the evaporation is continued until the volume is reduced to 0’3 c.c. 
As the duration of the saponification must be at least twenty 
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minutes, it may be necessary to add ten drops of alcohol and 
drop of -water when a volume of .i c.c.- is reached. The residie 
which must be free from alcohol, is made up to 6 c.c. and is tracs' 
f erred to a micro-burette. The solution is used to titrate 1 g 
of the standard calcium chloride solution until a permanent froth 
is obtained. The standard solution is prepared by adding 5 9 ^ 
of A^/lO-calcium chloride solution to 13 grama of sodium chloride 
and making up to 1 litre. One c.c. of this solution is equivalent 
to 0*312 mg. of triolein. W. S. Ji 

Schiff's Reaction for the Detection of Carbamide 

Domenico Ganassini (Arch. Farm, nperini. set. aff., 19 lg Ofi* 
238 — 242; from Chem. Zentr.^ 1919, ii, 473). — Schifi’s reL^tion 
does not occur with pure furfuraldehyde. Acetone was found to 
he the active constituent of an efficient sample of furfuraldehyde 
The reaction is obtained with certainty with a reagent of the follow- 
ing composition: furfuraldehyde (5 drops), acetone (2 c.c.), water 
(2 C.C.), and concentrated hydrochloric acid (1 c.c.). When a 
small quantity of this reagent is added to a minimal amount of 
carbamide, a pink coloration is gradually developed which becomes 
red and then intensely purple, and later brown. If acetone is 
replaced by other substance-s containing the COMe-group. such 
ethyl acetate, acetaldehyde, aretylacetone, or pyruvic acid, red to 
violet colorations are more or less slowly developed, which, how. 
ever, are indefinite and not to be compared with the beautiful 
coloration in the presence of acetone. H. W. 

I 

Estimation of the Amylolytic Power of Saliva. L. 

Grimbert (/. Pkann. Chim.. 1919, fvii]. 19, 244 — 250), -A 
quantity of air-dried potato starch equivalent to 5 grams of dry 
starch is boiled for two minuies with 100 c.c. of water, thtn 
colled, 4 c.c. of filtered saliva are added, and the mixture is kept 
at 37® for one hour; it is then heated at 100 ® for ten miniite?. 
cooled, , diluted to 200 c.c., filtered, and the maltose is estimated 
in the filtrate. The amount of maltose is multiplied by 0'9473 to 
give the quantity of starch saccharified, and this, expressed as a 
percentage of the total starch, gives the amylolflic power of the 
saliva; for normal saliva, it lies between 73 and 74. W. P. S. 

Value of Some New Colour Reactions of Urine. Aux. 
Skutetzkt and M. Klaften (iricn. kltn. IVoch., 1918, 31. 
1016—1018; from Chem. Zenfr,, 1919, ii, 8 ).-The reactions pro- 
posed by Russo (methylene-green reaction), Wiener, and Krouberpr 
have been critically examined; in each case, the cobra lou 
observed is due to simple physico-chemical causes, and does 110 ■ 
depend on chemical processes. The reactions are consequw y 
without diagnostic value. 
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LXXXL— ^ New Photographic Phenomenon. 

jjy Donald Neil McArthur and Alfred Walter Stewart. 

Although the phenamenon here described has not yet been entirely 
elucidated, the present preliminary note appears to be justified by 
the results which have already been obtained. A sensitive photo- 
graphic plate is placed, film upward, at the bottom of a light-tight 
box; on the film are placed two or more glass microscope slides, 
and resting on these supports is laid a negative, also film side 
upward. The box is then closed and is placed in the neighbour- 
hood of a Bunsen burner, a bat’s-wing flame, or an electrical kettle- 
heater. After an exposure of some hours, tbe plate after develop- 
ment shows an image of the negative. The resulting photograph 
ii the reverse of the original negative, that is, it is a positive such 
as would be obtained by simple printing with sensitised paper in 
the usual way. 

In the experiments made, the plates used have been Wellington 
Anti-screen, Imperial Extra Rapid and Imperial l^overeign makes, 
Jifferent batches of each kind having been employed. 

The material of the box may be either wood or cardboard. Care 
has been taken that no light enters the box ; certain of the experi- 
ments having been conducted in total darkness, whilst in other 
cases the openings between the two halves of the bo.\.es have been 
carefully sealed. The results are obtained whether the box is left 
in the open air or is enclosed in an air-tight desiccator. 

The nature of the source of heat appears to exercise some 
influence on the rapidity with which the effects are produced. Very 
poor results are yielded by a Meker burner; poor results are given 
fby a Bunsen flame impregnated with calcium salts; with lithium 
or sodium salts, the effects are more strongly marked. The electric 
tieater gives very good results when worked on its lower resistance. 

The distance between the box and the source of heat has usually 
Jeen about 30—45 cm. , but on one occasion results were obtained 
rith a box placed in a cupboard 180 cm. away from a sodium 
)urner, although in this case the exposure was an extremely pro- 
onged one. 

The most striking peculiarity of these experiments is the fact 
hat when the box is arranged so that the sensitive plate lies 
•etween the source of heat and the negative, the results are 
btained just as sharply as if tbe negative had been interposed 
etween the heater and the sensitive plate. Were direct-acting 
ays concerned in the matter, it seems clear that in these circum- 
VOL. CXV. 0 0 
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stences the plate would be fogged by their passage through it 
before they reached the negative at all. 

The results are not due to any radioactive material in the neigh- 
bourhood, for one of us carried out test experiments in the labora- 
tory of the Queen’s University of Belfast, where no radioactive 
contamination exists, and the effects were obtained there also. 

The effects cannot be ascribed to the negative having stored up 
light which it liberates again in the dark, for a parallel experi- 
ment made with a negative which had been specially illuminated 
for ten minutes within 15 cm. of a spectroscopic spark apparatus 
gave no results when no source of heat was present, 

The rays which produce the effects on the sensitive plate appear 
to be similar in properties to light rays. Glass is practically trans- 
parent to them; inkstains, seccotine, and metal show different 
degrees of opacity. It has been found that the rays can be 
diffracted and refracted just like ordinary light. 

The matter is being further investigated, but the foregoing is 
sufficient to show that an interesting ffeld has been opened up. 


The Phtsioal CnrMrSTav Laboratobt, 
Glasoow TJnivebsiit. 


[Received, June 2nd, 1919.] 


Llllll—The Stereochemistry of Hyoscm. 

By Harolu King. 

In a former communication (this vo!., p. 476), it was shown that 
by resolution of a weakly active hyoscine by means of d-a-bromo- 

/camphorsulphonic acid, rf-hyoscine bromocamphorsulphcnate ms 

obtained as the more sparingly soluble salt. The base prov 
be the enantiomorph of the therapeutically valuable J 

commerce. The unexpected discovery was “j' 

and 1-hyoscines gave rff-oscine on hydrolysis with acid or aka 
whereas'henzcyW-oscine under similar conditions gave op-J 
pure d-oscine. Furthermore, the dr o» 

by resolution of rff-oscine were not racemlsed H 
these grounds, d- and f-hyoscines were regar e P 
esters the optical activity being solely conditioned by the J 

of the tropyl radicle. c,.™,fnrv evidence b 

In the present communication, further con J 

adduced. In 1908, Wolffenstein and Mamlook 
showed that atropine (tropyltropme) 
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^-chlorohydratropyltropine, and that, on evaporation of the 
ethereal solution of this base, an intramolecular change takes place, 
hydrogen chloride being transferred from carbon to nitrogen, with 
(he formation of «/»atropiiie hydrochloride. 

CHj-CH CHj CHj-OH CHj-CH CH, CHjCl 

I NMe Cfl-O'CO-CHPh — > j NMe OH-O'COCHPh— > 

CH, , CHj-CH CHj 

C'Hj CH CH, CH, 

j OH-O'CO-CPh . 

CH,— CH CH, 

Willstatter and Hug (Zeitsch. fhysiol. Vhem., 1912, 79, 146) 
showed that, in a precisely similar manner, f-hyosdne on treat- 
ment with thionyl chloride gave iS-chlorohydratropyloscine hydro- 
chloride, and the ethereal solution of the base, on evaporation, gave 
apohyosoine (oposcopolamine) hydrochloride. 

CH,-OH CHjCl 

Ph'CH'COj-CgHjjON Ph-CH-CO,-C8H,.,ON 

Ph-JJ-c’Oj'CsHijON.HUI. 

This reaction destroys the asymmetry of the tropyl group, and 
could it be carried out under mild conditions, so as to preclude 
hydrolysis and racemisation, it should indicate whether the oscine 
portion of the molecule is active or inactive in ^hyoscine. Will- 
statter and Hug, apparently unaware of the significance of this 
reaction, did not record the polarimetric examination of apo- 
hyoscine. Moreover, they used potassium carbonate for liberating 
the bases from their salts, this alkali being known to racemise 
^hyoscine partly if contact is at all prolonged (Schmidt, Arch. 
Fharm.j 1898, 47, 236), and their yield of a/whyoscine was only 
30 per cent., the loss being attributed to hydrolysis. It has now 
been found that, on replacing potassium carbonate by the much 
weaker alkali sodium hydrogen carbonate, the reaction proceeds 
quantitatively throughout, and the resulting o-pohyoscine is 
optically inactive. 

To complete the proof of the partial racemic ester nature of 
^hyoscine, the resolution of n^pohyoscine has been attempted. 

a.poHposcine camphorsxdphonate (m. p. 157 — 158°) is a very 
readily soluble salt which can be reerystallised from a mixture of 
alcohol and ether, but shows no signs of resolution. The bromo- 
caraphorsulphonate was not obtained crystalline, but the 
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tartrate crystallises well from water It conta.,a*o 
molecute of water of crystelUsafaon, melts at 95 97 and his 
[o]i, +8-6“ in water. Repeated ctystallisation failed to change ih 

meltiiie point or its specific rotation. 

The r^ults so far obtained arc best explained on the assumption 
already made that d- and f-hyoscines are partially racemic esters, 
d-hyoscine being compiled of rf-tropyW-osmne and ^ ryl|„seme, 
whilst i-hyoscine contains the enantiomorphs. Although ^-hyoscine 
Ts not further resolved by d^-bromo-x-camphorsulphonic acid, ,t 
does not follow that f-hyoscine is not resolvable by the same acid 
or ftat either base is not resolvable by other optically active acids. 
Cbehaviour of pure d. and f-hyoscmes towards the opticallj 
active acids, <f^phor-/3-sulphonic, d-a-bromo-w-camphorsulphcmc, 
and d tartaric has now been investigated, but in no case was there 
any indication of resolution. The d-hydrogen tartrate of 
^hvoscine could only be obteined as an uncrystalhsable syrup. 

ThTproperties of the various crystalline camphorsulphonates are 
nhown in the following table: 

phonate 

" ' [Ml. 

[M]p b&«c ion 

M n salt (calc.). M. p. salt. (C4lc,l. 

XI +106-3'’ 168-160“ +370'5' +»1!' 

d.HyosiMe ^-91-2“ 169-170“ +172-4" -106-3' 

^Hyo8Cln6 l8o — lo' 


<i-Cainplior-$-Bulphonate. 


[Ml. 

[M]. basic ion 
salt (calc.). 


m, 1 » n>,t.ainBd bv direct observation on dr or hh. 

The value obtained ^ vol., pp. 603, 504), 

hydrobromides was Wu " J | observable in the calcukled 
A peculiar numerical tt, significance of 

nrolecular rotatory ;';Hnr ^solutton of ^ and 

Hich values, there is no evidence . 

StsnlpioLte, beteg Identical with that prepared 

i-hyoscine bromooainphorsulphonate, 

In addition to the above salt torsulphonic 

occasion to form a labi e salt with ,25-5«, 

acid This salt melW at about 150 and n "(ter to. 

higher melting point (169-1 ^ tautoniensin s 

reproduce it were unsuccwsfu 1. 

centred in the bromocamphorsulphon c P 

cule, as has only rarely been molecule, 

1903 83, 918), or in the hyoscine portion ot 
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for the present remain undecided. In this connexion, however, 
it is possibly significant that Wentzel {Dissertation^ cited by H^se, 
/. fr, Chem., 1901, [ii], 64, 274), by crystallising ^-hyoscine hydro- 
bromide from alcohol, obtained a laevo-hyoscine hydrobromide of 
much higher rotatory power, namely, [a]i,-32-9o which fell, on 
keeping, to -25-8^, the usually observed value. Hesse {ibid., 353) 
claims to have partly substantiated this observation. This 
enhanced value for the anhydrous ^hyosc^Ee hydrobromide gives a 
calculated value [a]jj + 24'8° for the f^a-bromo-TT-camphor- 
sulphonate, a value of the same order as that observed, [aj^ 4 - 25 ’ 5 °, 
for the labile hromocamphorsulphonate described above. 

The present author has obtained another /-hyoscine bromo- 
camphorsulphonate. [ajj, +17‘9®, m. p. 200°, during the resolution 
of a weakly active hyoscine by means of a-bromo-w-camphor- 
siilphoiiic acid. The amount of material was, however, only 
sufficient to prove the identity of the f-hyoscine. It is not improb- 
able that the acid contained in this salt is an isomeric acid which 
was present as an impurity in the original ammonium a-bromo-w- 
camphorsulphonate used. 

Experimental. 

Preparation of dl-apoffyojcifie from VNyosdne. 

The method employed for preparing this base is a modification 
of that given by Willst^Uer and Hug {loc. dt.). 

^Hyoscine hydrobromide (3-87 grams) was converted into the 
)as6 by the use of sodium hydrogen carbonate and chloroform. 
The chloroform-free base was warmer! gently with 10 c.c. of thionyl 
hloride. The reaction proceeded smoothly, and, after keeping the 
)roduct overnight, the thionyl chloride was distilled off under 
liminished pressure, and the last traces were removed by repeated 
ixtraction and evaporation with ether. The /0-chlorohydratropyl- 
iscine hydrochloride was dissolved in a little water, the solution 
endered alkaline with sodium hydrogen carbonate, and the base 
thoroughly extracted with ether. Unlike f-hyoscine, this chloro- 
ubstituted base could be readily extracted. The ethereal solution 
ras evaporated to dryness, leaving a pale yellow oil, which immedi- 
itely became opalescent, and, on digesting on the water-bath with 
resh ether, no longer dissolved, but commenced to crystallise at 
he edges. On keeping for two days, it had crystallised completely 
n rosettes of stont neil^ consisting of «/»ohyoscine hydrochloride. 

A 2’5 per cent, aqueous solution was neutral to litmus, and when 
t^amiiied in a 2-dcm. tube proved to ha\^© no action on the plane 
polarised light. 



978 KING ; THE STEEBOCHBMISTEY OF HYOSCINB. 


The sait (2'7 grams) was dissolved in water (15 c.c.), the 
tion rendered alkaline with sodium hydrogen carbonate, and tl# 
base completely extracted with ether. On removal of the solved 
the base crystallised readily in rhomboidal plates. It melted at 
75 — 78°, and amounted to 2-4 grams. Theory requires 2'6 grjjjj 
It was recrystallised from light petroleum (b. p. 40 — 60°) 
separated in magnificent rhomboidal plates. The yield was 21 
grams, and the base now melted at 79 — 80° (79 — 80° corr.). 

The base was examined in 2-5 per cent, solution in absolute 
alcohol in a 2-dcm. tube, but was quite inactive. 

Willstiitter and Hug record the melting point 97° fjj 
(iphyosciue base, but this appears to be a misprint for 79°, aj ttj 
nitrate, picrate, and aurichloride were found to melt at ISJo 
(decomp.), 217 — 218°, and 188° respectively, in substantial agree- 
ment with Willstatter and Hug’s recorded values, 157°, 217°, 

183 — 184° respectively. The appearance and solubilities of tie 
base and these salts were also in agreement. (Aurichloride.- 
Found: Au = 31-5. C„H„OsN,AuClj,HCl requires Au=31'5 pj; 
cent.). 


dl-apoff yosciae Camphor-fi-sulphonate. 

opoHyoscine base was converted into its salt with camphor-J- 
sulphonic acid. It crystallised from a mixture of absolute alcohol 
and ether in irregular-shaped leaflets. It was recrystalHsed twice, 
yielding, finally, 0'65 gram melting at 157 — 158° (160'5— 1615' 
corr.). 

The specific rotation was determined in water. 

c = 2'069; ; = 2-dcm.; a-H0-404°; [o]„ -t-9'76°; 

The value of [M]n is in excellent agreement with that recoideJ 
by Graham (T., 1912, 101 , 747), namely, [M]j,+50'4° for tie 
camphorsulphonic acid ion. That there was no resolution was con- 
firmed by extracting the base from the solution, which had leei 
used for determining the rotatory power, after rendering alkaline 
with sodium hydrogen carbonate and examining the solution of tie 
base in absolute alcohol. It bad no effect on the plane of polarised 
light. 

The salt with d-o-bromo-ir-camphorsulphonic acid was not 
obtained crystalline. 


dl-apoilyoscfnc d-Hydrogen T&rtrate. 

One gram of upohyoscine nitrate was regenerated to base, nsinf 
sodium hydrogen carbonate and ether, The d-hydrogen tar r 
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of the base was prepared in aqueous solution by combination with 
one equivalent proportion (0-45 gram) of d-tartaric acid. On con- 
coutrating the solution to about 10 c.c., opohyoscine d-hydrogen 
tartrate crystallised in clusters of radiating, white needles. The 
product was collected and washed with water. When dried in the 
air, it amounted to TI5 grams. It was recrystallised four times 
from water, the properties of the successive fractions being as 
follows : 


1. M5 grams, 
II. 1*0 gram, 

III. 0’75 „ 

IV. 0-45 „ 


P- 97° [a]j, + 8-740. 

„ 95-97^, [a]p-i-8-35«. 

95-97°, [a]o + 7-78°. 
„ 95—97° [a]j,-h8-59°. 


Empioyiog Laudolt's value, [M]p +4‘J-84°, for ammonium 
hydrogen tartrate, the calculated value for tl^ojpohyoscine 
(^-hydrogen tartrate is [a]p+9*l° in approximate agreement with 
the values recorded above. The base when recovered from the 
fourth fraction was examined in absolute alcohol, but the solution 
was devoid of optical activity. 

dl-apo//yoscin< di-hydrogen tartrate is sparingly soluble in cold, 
hut dissolves freely in hot wat-er It crystallises with two mole- 
cular proportions of water in clusters of long needles. In a 
capillary tube it melts at 95 — ^97° (95—97° corr.), and effervesces 
at 115°, but it melts below 90° when exposed on a watch-glass to 
a temperature of 90—95°. The water of crystallisation is not lost 
when the salt is dried in a vacuum over sulphuric acid : 


0-1037, air-dried, gave 0-2031 CO 2 and 0-0579 H^O. C=53'4; 
H=6'2. 

Ci7Hig0jN,C(HgOg,2H2O requires C=53'5; H = 6’2 per cent. 
The specific rotation was determined in dilute aqueous solution, 
using the air-dried salt. 

c = 2-008; l=2-dcm.; a + 0-345°; [a\^ +8-6°; [U]^ +40-5°. 


d-Hyoscine Camphor-^svlyhonate, 

Almost pure d-hyoscine base (1*5 grams) was neutralised with 
camphor-^-sulphonic acid (M5 grams). The syrupy salt was 
obtained crystalline by boiling with anhydrous ethyl acetate. It 
amounted to 2-3 grams and had [a]p +27-6°. It was recrystallised 
thrice more from anhydrous ethyl acetate, the specific rotation of 
the three fractions being successively [a]jj +29'5°, +29-4°, -{•29'3°. 
The final fraction amounted to T5 grams. 
d-J{yogcine camphor-^~$ulfhonate crystallises well from anhydrous 
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ethyl acetate, in which it is sparingly soluble, in elongated, 
hexagonal-shaped leaflets or in acicular needles. Each fradiot 
examined appeared to contain one molecule of water, which was 
lost at 95°. The anhydrous salt melted at 175 177° (179--18io 


corr,). 

For the first crops of successive crystallisations, the percentage 
losses at 95° were 2'95, 3-33, 1'9, 2'95. 

C,,H,,04N,Ci„H,e0aS,H20 requires H20 = 3-25 per cent. 
0'1055, dried at 95°, gave 0-2339 COj and 0-0663 HjO. C=60'5; 


H = 7-0. 

C„E2 i 04 N,CioH,jO,S requires C = 60-5; H = 7-0 per cent. 
The specific rotatory power of the anhydrous salt was determined 


in water. 

c=:r994; ^ = 2-dcm. ; a+l°10^; [o]j> +29-25°; [M]jj +156'7°, 
Employing the value [M]B-t50-4° for the camphor-8-sulphonic 
acid ion the calculated molecular rotation of the d-hyoscinium ion 
is [MIp + 106-3°, whence [a]^ -134-9°. The value found by direct 
observation of <f-hyoscine hydrobromide was [0]^ 33-2° (this voL 

Th!^piorate prepared from the four times recrystallised camphor- 
^.sulphonate by double decomposition was identical with d-hyosciie 
picrate obtained from d-hyoscine o-bromo-ir-camphorsulphonate, 
d-Hyoscine d-hydrogen tartrate was prepared, but all attempts 
to crystallise it failed. 


\-Hyosci 71 t C <nn'ph> 0 T-^ -sulph OTUitc. 

Pure T-hyoscine base (1-4 grams) was neutralised in aqUMui 
solution with Eeychler’s camphorsulphonic acid (1-0 gram). The 
dehydrated, syrupy salt was dissolved in anhydrous etayl aoeU . 
ml on keeping, crystallised homogeneously m clusters g 
plates. The salt, when collected, amounted to I'l 
at 187-188° and had [«]„ -7-2°. It was recrystalhsed tw.ee 

more, the melting point remaining the same ^ 
virtually unaltered with [a], -8-1° and [a] -7 ^ " J' 

VHyo^cine camphor-^-sulphonate erystalhs^ from anhjto ^ 
ethyl acetate in transparent, rectangular plates. 

186—187° (190—191° corr.): 

0-2181, dried at 95°, lost nil. ,g 

0-0951 gave 0-2117 CO, and 0-0588 H,0.^ C = 60 7 
CijHjiOjN.CioHiAS requires C=60 5 , H - P 
The specific rotation was determined in 
C. 3 U; f=2-dcm.; a.18-33'; [«]„ -7-6°; 
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whence is calealated [M]p tor i-hyosciniura ion -91'2“ and 
Wr-30'0°. 

\-Hy<>sciii6 d-a-Brottio^-camphorsulpkmuite. 

This salt crystallises from anhydrous ethyl acetate in minute 
needles. The rotation is unchanged after repeated crystallisation, 

5 3 grams having [njj, +28'28° yielding, finally, 1-8 grams having 
[aju + 28'05®, It melts, when dried at 110°, at 169 — 170° 
^n‘2'5 — 173'5° corr,). It is deliquescent in a damp atmosphere, 
and then crystallises in microscopic, rectangular leaflets, probably 
a hvdrated form. The anhydrous salt was analysed, with the 
following result: 

0-2168, dried at 95°, lost O'OOOS. Loss=01 per cent. 

0-0997, „ 95°, gave 0-1934 CO, and 0-0538 HjO. 

C = 52-9; H = 6-0. 

Cj,H 2 iOjN,C,(,Hj 504 BrS requires C=52-7; H=5-9 per cent. 

The specific rotation was determined in water. 
c = 2'026; 7 = 2-dcm.; a+l°8-2'; Ho +28-05°; [M]„ +172-4°. 
This gives a value [Mj^ -106-3° for the molecular rotation of 
the f-hyoscinium ion and [ojp -34-9°. 

labile Salt- -On one occasion, a labile form of f-hyoscine bromo- 
cainphorsulphonate was isolated, the exact conditions being as 
follows, 7-5 Grams of freshly prepared, syrupy f-hyoscine hromo- 
caniphorsulphonate were repeatedly evaporated to dryness under 
diminished pressure with absolute alcohol in order to remove all 
adhering water. The residue, treed as completely as possible from 
absolute alcohol, was then dissolved in anhydrous ethyl acetate, 
and, on keeping for two days, a mixture of two salts separated in 
what appeared to be appro.ximately equal proportions. One salt 
had the characteristic crystalline appearance of f-hyoscme 
cf-a-bromo-ir-camphorsulpbonate described above, but the other 
formed tufts of much larger needles with a more glistening appear- 
ance, A trace of each was removed, when the former melted at 
169—170°, and was thus ordinary f-hyoscine hromocamphor- 
sulphonate, whilst the second melted, either air-dried or dried at 
100°, at 150°. The whole of the deposit was collected and re- 
ii-ystallised from ethyl acetate. It separated overnight in tuft* of 
iilky needle.!, which’molted at 150°. but was contaminated by a 
smell smaller proportion, this time, of ordinary f-hyoseine hromo- 
camphorsulphonate, easily discernible as smaller, white tufts of 
needles. The product amounted to 3-6 grams. 

c = 2-068; f=2-dcm.; o+l°3-4'; [a];, +25-5°. 

O 0* 
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This value is distinctly less than [a],, + 28 - 0 ° observed tor 
ordinary l-hyosoine bromocamphorsulphonate. The product 
again reorysballised, but gave the ordinary form of Mryoscine 
bromocamphorsulphonate melting at 169 170°. All attempts 

again to isolate this labile salt from this particular batch of material 
were unsuccessful. 


\-Hyoscim Bromocamfhorstilphonate, m. p. 200°. 


By resolution of a weakly active hyoscine by d-a-hromo-it. 
camphorsulphonic acid (this vol., p. 502), it was shown that th* 
more sparingly soluble salt was rf-hyoscine o-bromo-ir-camplior- 
sulphonate, and that from the mother liquors a deliquescent salt 
having a specific rotation approximating to that of a i-hyoscim 

rf-a-bromo-ir-camphorsulphonate could be isolated. 

The final mother liquor, on prolonged keeping at a low tempera- 
ture, deposited 1-65 grams (1-6 per cent, yield) of a salt cryital- 
Using in rosettes of rectangular leaflets. It was not deliquesceu 
and melted at 199-200° (208-204° corr.). 

The specific rotation was determined on material dried at 95“ 
e = l'943; l = 2-dcm.; u+41'7'; [a]„+17-9°. 

0-1028 gram, dried at 95°, gave 0-1994 COj and 0-0553 HA 


C = 52-9; H = 6-0. 

CijHoAN.CioHisOjBrS requires C = 52-7; H = 5-9 per cent. 
01 Gram of this salt was converted into the picrate, uliicli 
amounted to 0-09 gram and melted at 183-186°. On re«jst,|. 
lisation, it gave 0-08 gram melting at 185-186°, and when rmsd 
with i-hyosoine picrate, no depression in the meltmg point 


observed. 


Wellcome Chemical Reseabch 
London, E.C. 


LABOBATORIE8, 

[Received, June 21th, 1919,] 


LXXXIII — Phenylardnic Acids and ikii 
Reduction Products, and the Estimatm 
Arsenic in such Compounds. 


By Kobebt George Faegheb. 

In the preparation of p-aminophenylarsinic acid (I) by^ 
method (Cowipf. rend., 1863, 56 , 1173) Pyman and . 

1908, 98 , 1180) isolated as a by-product a sma p P 
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is-p-aminophenylarsinio acid (pp'-diammodipheuylaraiuic acid) 
II). 

0 

^AsOjE, NHj/ ^-As-(^ ^NH, 

, OH 

(I) (11.) 

In view of the close relation existing between the two acids and 
he importance of the former as the starting point for the pre- 
laration of salvarsan, it seemed to be of interest to prepare the 
orresponding 3 ; i'-dinitro-i : i'-dih^droxydiphenylarsinic acid (IV) 
ind to examine its reduction products. 

0 1^ 0 

oh/ 

OH Oil “■ 

(III.) (IV.) 

For the preparation of this acid, the two methods described for 
^nitro•4-hydroxyphenyIarsmic acid (Bertheim, Ber., 1911, 44, 
3092; Benda and Bertheim, loc. cit., 3445; Benda, he. at., 3449) 
:aii be used. lu the first, the amino-acid (II) is converted into 
the corresponding hydroxy-acid (HI) (Benda, Her., 1908, 41, 2371) 
ind subsequently nitrated under suitable conditions. This method 
gives excellent results. In the second, the araino-acid is converted 
into its oxalt/l derivative (V), which is nitrated, the oxalyl group 
removed by acid hydrolysis, ajid the ajninogroup in the resulting 
i:Z'-dimtroA'A'‘diamifiodi 2 )henylar$inic acid (VI) subsequent!; 
replaced by hydroxyl by alkaline hydrolysis. The usefulness oi 
this method is marred, however, by the fact that at temperatures 
approaching 140°, oxalic acid causes fission of the molecule of 

f '/y-diaminodiphenylarsinic acid to some e.xtent, the product being 
mixture from which the ^i>^-diox(dyhminodiph€nyhrsinic acid 
au be isolated hy means of the sparing solubility of its barium 
alt in cold dilute ammoniacal solution. 



0 0 * 2 
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B ertheim (Ber., 1915, 48, 352), who described the prepatatioa 

and reduction of S-nitro-l-hydroxypbenylmethylarsimc acid (Vlj, 
found that the direct reduction of the nitro-acid with sodium typo, 
sulphite led to an impure product, whilst if the hyposnlplute 
reduction were slopped at the amino-acid stage and the reduction 
•ji. 1 an\A 3 : 3^-diaimn6-4;4'.c 


reaUCLlOH WeiC .... 

continued with hypophosphorous acid, _ - 
oxydipheuyldimethyldiarsine (VIII) was obtained 


'-diliydr- 




HH. 


'^-AsMe'AsMe-c^ 


;0H 


(VII.) 


(VIII.) 


In the case of 3 : 3'-dinitro4 : 4'-dihydroxydiphenylarsiiiic acid, 
complete reduction with sodium hyposulphite leads to S-Z'-diamm 
i-V-dihydro.rijdi])heniilanemous hydroxide (IX), for the crude, 
sparingly soluble reduction product, dissolved in methyl alcolol 
containing hydrochloric acid and precipitated with concentrated 
hydrochloric acid, gives rise to 3:3'-fcmo.4:4'-d,ftydro,r,d,. 
phenylanenious chloride dihydrocUmde (X), which was obtained 
in a crystalline condition. 

KH„HC1 NH„HC1 

’\-As./ Non 

I \ / 



If the acid is first reduced to the corresponding If 

means of sodium hyP-JPj;** 

The degree of reductidn of the products is readily asoerUi J 
(compare Gaebel, Arch. Pharm., 1911, 249, -41). 

OH 

NOjj^'^Ve 

(Xn.1 

• I br 

. ■ -A rUTI) first obtaineo ». 

S-Niti-o-G-hydroxy-TO-tolylaminic aci I d.hvdrosy-* 

Beuda and Bertheim (loc. dt.) by the nitration 
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tolylarsinic acid, can also be prepared from i oxalylamino-m-tobjl- 
(irsirdc trcid by fbe series of reactions outlined above, the prepara- 
tions from both sources being identical. On reduction with sodium 
hyposulphite, diamiuoarseno-o-cresol (4:4'-dihydroxy-5:5'-diamino- 
3 .■ S'-dimethylarsenobenzene) (XIII) (D.R.-P. 224953)was obtained. 
This was converted into the dthydrochloride, which closely resembles 
salvarsan (XIV). 


OH 

OH 


Me/\NH, 

k/ 

1 1 
\/ 
Ag 

As 

(XIII.) 


OH 

hci,nh/\ 

I 


OH 

/Nnh„hci 


/ \ / 

As As 

(XIV.) 


By the action of carbonyl chloride on o-aminopheJiol, 
hydrobenzoxazoloue (XV) is obtained (Schmitt and Henschel, J. 
I)r. Gliem., 1888, [ii], 37, 27; E. von Meyer, ibid., 1915, [ii], 92. 
255). This reaction was applied to 3-aniino-4-liydroxyphenylarsinic 
acid (XVI), giving 1 : ^-dihydrobenzoiazofone'A-arimic <icid 
(XVII), which, on reduction with sodium hyposulphite, yielded 
the corresponding anenobenzene. It had been hoped that this 
would prove sufficiently acidic to dissolve in sodium carbonate, but 
although it dissolves very readily in sodium hydroxide, it is prac- 


tically insoluble in 

the carbonate. 


o-co 

OH 

o-co 



/NiIih 

1 1 
\/ 

\/ 

AsOjHj 

k/ 

AsOjHj 

(XV.) 

(XVI.) • 

(XVII,) 


The estimation of arsenic in organic compounds has been the 
subject of a recent communication by'Ewins (T., 1916, 109, 1355), 
who considers that the method devised by Lehmann {Apoih. Zeit., 
1912, 27, 545) for the estimation of arsenic in salvarsan and neo- 
salvarsan, whilst applicable to certain closely allied derivatives, 
fails entirely in a large number of cases owing to the fact that the 
preliminary treatment with potassium permanganate and sulphuric 
acid does not bring about complete oxidation. By a slight alter- 
utimi of the conditions, it has now been found possible to extend 
this ^timation to a considerable number of substituted phenyl- 
arsinic acids containing nitro-, amino-, hydroxy-, methoxy-, bromo-, 
and other groups, which, by the unmodified method, gave very 
untrustworthy results owing to incomplete oxidation. 
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Experimental. 

pYi'-Dthydroxydiphenylareimc Acid (III). 
W-Dihydroxydiplienylarsinic acid was obtained by Benda {5e, 

1908, 41 , 2371) by diazotising pp'-diaminodipbenylarsinic add in 
dilute by'drocbloric or sulphuric acid, and decomposing the diaaj. 
derivative by passing steam through the solution. Diazotisation is 
hydrochloric acid, however, gives a product substituted to some 
extent by chlorine, whilst in sulphuric acid alone the product is 
very dark-coloured and difficult to purify. 

10-5 Grams of sodium pp'-diaminodiphenylarsinate, containing 
6H,0 were dissolved in 75 c.c. of water, 10 c.c. of sulphuric acid 
added, and diazotised with 50 c.c. of a normal solution of sodium 
nitrite The product was mixed with an equal volume of acetic 
acid to keep the hydroxy-acid produced in solution, and wanned 
on the water-bath until the elimination of nitrogen had ceased. 
After boiling with charcoal, the solution was concentrated under 
diminished pressure, when, on cooling, rather more than 5 gras 
of the hydroxy-acid separated, whilst the mother liquors yielded 
further small quantities, the total yield amounting to 75-80 per 
cent of the theoretical. The acid is very sparingly soluble in 
acetone or chloroform, but readily so in methyl alcohol ethyl 
alcohol or 50 per cent, acetic acid, from which it crystallises in 

L .t (»"■)■ 

H = 3-7; As = 25-3. C,, Hi, 0*^5 leq^res C-49 0; H=38i 

A 3 = 25'5 per cent.) 

^■^’.Binitro-i-A'-dihydroxydiphenylarsimc Add (IV). 

6-3 Grams of pp'-dihydroxydiphenylarsinic acid were dissolved in 
35 cc of concentrated sulphuric acid and treated gradually «th 
a mixture of 2-5 cx, <>f acid (D l'^) and 2^5 - ” 

acid, the temperature being kept at -5 to 
ture had remained in a cool place 

250 grams of powdered ice, the Pf jit. ol 
and washed with water. The yield amount^ 
the theoretical. The acid is almost insoluble m bo u , 
fairly readily soluble in glacial 

50 per cent, acetic acid, from which it J ^ 
rhomboidal prisms melting and decomposing at, 230 ( 

Found: C = 37-5; H=2-6; ^=^3; ; ^^^ 7 . 3 . As=lM 

, Ci.HANsAs (384-1) requires C = 37 5, H-2 4, 
per cent. 
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3 : ; i'-dihydroxydipken^larseniom Chloride 

Dihydrochlaride (X). 

Two grams of the preceding compound, dissolved in 20 c.c. of 
water and 5’t c.c. of 2A'-sodiuni hydroxide, were added to a solu- 
tion of 6 grams of magnesinm chloride and 24 grams of sodium 
hyposulphite in 200 c.c. of water. The resulting solution, which 
immediately decolorised, was heated to 60“ in an atmosphere of 
carbon dioxide for an hour, a further 10 grams of sodium hypo- 
sulphite being added after half an hour. The small quantity of 
grey powder obtained was dissolved in a little methyl alcohol con- 
taining hydrochloric acid, filtered, and added to 100 c.c. of con- 
centrated hydrochloric acid, when a crystalline precipitate gradually 
separated. This was collected, washed with a few drops of glacial 
acetic acid and a little ether, and dried in a vacuum over sulphuric 
acid, the yield amounting to 0'5 gram. 

The compound forms glistening leaflets readily soluble in water 
or methyl alcohol, but sparingly so in concentrated hydrochloric 
acid. On heating, it darkens above 170® and melts at 215® (corr.). 

Found: C=36'2; H = 3-8; N=6-9; 01 = 27 0. 
C,.Hi 202N2C1A3,2HC1 (399-5) requires 0 = 36-0; H=3-5; N = 7-0; 

01 = 26-7 per cent. 

0-1000 Gram required 0-061 gram of iodine for complete oxida- 
tion, against 0-063 theoretically required. 


l-.ii-Oiamino-i-.i'-dihydroxydiithenylarmu AM nnd 
3 ■ 3^: 3^^ : 3^''-Tetra-ctmino~A : i' : A" : i^'-ietrahydroxyteUa- 
phenyldidTiine TetrohydrochloT^de. 

51 Grams of 3:3'-dinitro-4 id'-dihydroxydiphenylarsinic acid 
were dissolved in 80 c.c. of water and 24 c.c. of 2iV-sodium hydr- 
oxide. The solution, cooled to 0®, was treated in one operation with 
17-6 grams of commercial sodium hyposulphite, the temperature 
rising to about 30®. When the reaction was complete, the solu- 
tion ^was cooled, 20 c.c. of 2#-hydrochloric acid were added and 
as the acid only partly separated, it was salted out by the addition 
of sodium chloride, and was obtained as a sandy, crystalline pre. 
cipitate fairly readily soluble in water or methyl a.lcohol, hu 
snaringly so in ethyl acetate. The yield amounted to 46 per cent 
of the theoretical. (Found: N = 8-5. (324 1) 

requires N=8-6 per cent.) , ■ 

Two grams of the acid were heated at 60® for one hour m an 
atmosphere of carbon dioxide with 20 c.c. of hypophosphorous acid 
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(D ri5) and a trace of hydriodic acid. As the colourless base 
obtained by neutralising a test portion of the resulting solutijj 
rapidly became purple on exposure, the remainder was added with 
out neutralisation to 150 c.c. of hydrochloric add. The white 
precipitate which gradually separated was collected, washed with 
a few drops of glacial acetic acid and a little dry ether, and dried 
in a vacuum. The product is readily soluble iu water or raethj] 
alcohol. 

Found: N==7-6; Cl = 19-7. 

C.ijHjjOjN^Aso.lHCl (728 1) requires N = 7-7; Cl=19-,5 pej 

O' 1001 Gram required 0-103 gram of iodine for complete oxida- 
tion, as against 0'104 gram theoretically required. 


pp'-Dioxalylaminodiphenylarsinic Acid (T). 

When oxalic acid is allowed to react with pp'-diaminodipheny). 
arsinio acid at a temperature approaching 160°, some fission of tie 
molecule results, so that a mixture is obtained from which tie 
desired product can be isolated by taking advantage of the sparing 
solubility of its barium salt in cold dilute ammonia, the baiinm 
salt of p-aminophenylarsinic acid being -precipitated only on 
boiling. 

8'4 Grams of sodium pp'-diaminodiphenylarsinate containiiij 
6H.,0 were intimately mixed with 15' 1 grams of oxalic acid and 
heated in an oil-bath with constant stirring at 140° until most of 
the water had disappeared, and then to 160° until quite hard. 
The product was well ground with 80 c.c. of water and 8 c.c. of 
hydrochloric acid, collected, and well washed with water. It m 
then dissolved in ammonia and treated with a cold solution of 
barium chloride. The resulting precipitate was collected, well 
washed with water, and decomposed by grinding with dilute hydro- 
chloric acid. A small quantity which remained in the acid was 
precipitated on dilution. pp'-Dioxalylaminodiphaiylarsinic mi is 
only sparingly soluble in boiling water, alcohol, or methyl alcohol, 
and practically insoluble in benzene, ether, or ethyl acetate. It 
is more readily soluble in acetic acid or 50 per cent, acetic acid, 
and crystallises in slender needles which contain IH^O. 

Found: loss at 110° — 13'8, 

C„H,305NjAs,4H,p reqiiirea 14' 1 per cent. 

Ill material dried at 110°, C = 44'l; 11 = 3-3; N = 6'4. 
CisHisOgNjAs (436-2) requires C=44'0; H = 3'0; N = 6'4 per cem 

Nitration with a mixture of nitric and sulphuric acids, and siib 
sequent acid hydrolysis, led to the formation of 3:3^-di«dm 



AND TEEIU KEDUCHON PRODUCTS, ETC. 989 

diamncdiphenylamnic Mid (VI), a yellow, crystalline powder very 
sparingly soluble in water and the usual organic solvents. 

Found: N = 14'3. 

CialljjOjN^As (382 1) requires N=U-7 per cent. 

This was converted by warming with an e.vcess of jiotassinni 
hydroxide solution into 3;3'-dinitro-4:4'-dihydroxydiplienylarsinic 
acid, identical with that described above. 


Q-Oxalyhmitw-m-lohjlaninic Actd. 

Five grams of sodium 6 amino-OT-tolylarsiiiate (coiitaining 3H.,0) 
aud 6 grams of oxalic acid were intimately mixed and heated first 
at 140° until moat of the water had been driven off, and then at 
160° until quite dry. The residue was triturated with 50 c.c. of 
water and 7 c.c. of hydrochloric acid, collected, and washed with 
water. The product, which was anhydrous, amounted to rather 
more than 3 grains. It was found to be sparingly soluble in hot 
alcohol, ethyl acetate, or acetone, more readily so in hot water, 
and readily so in 50 per cent, acetic acid, from which it crystallised 
in elongated, rhombic prisms. 

Found: N=4'5 ; As = 24-6. 

CjHijOjNAs (303-1) requires N-4-6; As = 24-7 per cent. 


5-NHro-(i-amino-m-t6lylarsinic A cid. 

Six grains of the above oxalyl derivative were dissolved in 20 c.c. 
of sulphuric acid, and a mixture of 1-2 c.c. of nitric acid (D 1-4) 
and 1-2 c.c, of sulphuric acid was gradually added below 15°, 
When the reaction was complete, the product was poured into 
100 c.c. of water, boiled under a reflux condenser for two hours, 
cooled, and the acid which separated, amounting to 4-6 grams, 
collected. 6-Nitfo-Q-a'inmo-m-tolylarsinic acid is fairly readily 
soluble in boiling water, from which it separates in slender needles 
consisting of a mixture of the yellow anhydrous form and the 
orange hydrated form. It gradually passes completely into the 
latter, which contains lIHjO. 

Found: loss at 110° = 9-3. 

CjHjOjNjAsjlIILO requires H2O=9-0 per cent. 

In dried substance, N = 9'9. 

CjHjOjNjAs (276-1) requires N-10-1 per cent. 
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5 -Nitro- 6 -hijdroxy~m-tolylar$mic Acid (XII). 

Two grams of the acid just described were heaW on the water- 
bath with 10 c.c. of 40 per cent, potassium hydroxide solution until 
a test portion no longer showed the presence of an amino-group. 
The product was then cooled and acidified with hydrochloric acid, 
giving almost the theoretical yield of 5-nitro-6-hydroxy-m-tolji; 
arsinic acid. This was compared with a specimen prepared by 
Benda and Bertheim's method {Ber., 1911, 44, 3445), and found 
to be identical with it. Both products, when crystallised rapidly 
from boiling water, formed clusters of slender, yellow needles, and 
when crystallised slowly from 50 per cent, acetic acid, well-defined, 
rhombic prisms. When heated in the same bath, both products 
decomposed explosively at 310°, whilst the mixture of the two 
behaved identically. 

The acetyl derivative, prepared by the action of acetic anhydridf 
ill the presence of a trace of pyridine, is fairly readily soluble in 
methyl or ethyl alcohol or boiling water, but sparingly so in cold 
water or ethyl acetate. When crystallised from water, it forms 
colourless, spherical nodules, which are anhydrous. 

Found; N = 4'4. 

C9Hi„0,NAs (3191) requires N = 4-4 per cent. 


4 ; i'^Dihydroxy-5 : h' -diamino-Z : i'-diinethylamnohemme 
Dihydrochlcrride. 

The reduction of the 5 -nitro- 6 -hydroxy-m-tolylarsinic acid wis 
effected by means of sodium hyposulphite under the conditions 
described by Ehrlich and Bertheim {Ber., 1912, 45, 757; compare 
dr P 224953). Tte dihydrochloride, which was obtained m a 
yield of 70 per cent, of the theoretical, formed a pale yellow m.w 

leTs readily so In ethyl alcohol, and practically insoluble in 
or acetone. 

Found: Cl = 13-G; A8 = 29-9. U-i . As-29-8 

C«II,AN2A5,.3HC1,2IL0 (503-1) requires Cl = 14 1, As- 
per cent. 

3-i mino-i-hydroxyithenylarsmc -1 od. 

The reduction of nitrohydroxyphenylarsinic “‘J* ^ 
spending amino-acid by means of sodium hyposulphite 
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described in D.R.-P. 224953. The following modification of the 
method gives excellent results. 

Twenty-six grams of S-nitro-l-hydroxypbenylarsinic acid were 
dissolved in 200 c.c. of .iV-sodium hydroxide, cooled to - 2 ° and to 
the well-stirred solution 65 grams of sodium hyposulphite ’(80 per 
cent.) were added in one operation. The colour of the solution 
disappeared at once, and the temperature rose to 25°, whilst the 
amino-acid commenced to deposit. The precipitation was com- 
pleted by the addition of 23 c.c. of hydrochloric acid (D 112). 
The acid was collected and well washed with water; the yield in 
several experiments ranged between 65 and 80 per cent, of the 
tbeoret-ical. 


1 :%Dihydrobenzoxazolovc-i.-arsir,ic Acid (XVII). 

A solution of 11'6 grams of amiuohydroxyphenylarsinic acid in 
150 c.c. of 5 per cent, sodium hydroxide, cooled by ice and stirred 
vigorously, was gradually treated with 110 c.c. of a 6-5 per cent, 
solution of carbonyl chloride in toluene. At the conclusion of the 
reaction, the two layers were separated, the aqueous layer being 
extracted with ether and then acidified with hydrochloric acid, 
when the oxazolone separated as a sandy, crystalline precipitate in 
a yield amounting to 83 per cent, of the theoretical 

It is sparingly soluble in alcohol, but readily so in boiling water, 
from which it separates in colourless, prismatic needles which are 
anhydrous. On healing, it rapidly decomposes above 250® without 
melting. 

Found; C = 32'5; H-2'5; N-5’4; As=28’6. 

C 7 H 5 O 5 NAS (259-0) requires C-32-4; H=2-3; N = 5-4; As = 28-9 

per cent. 

1:2:1': 2^-Teirahydro-i-aTStnQbemodioxasolone. 

2'3 Grams of 1 : 2 -dihydrohenzoxa 7 .olone- 4 -arsinic acid were di? 
solved in a mixture of 50 c.c. of water and 8 c.c. of 2A-sodiuin 
hydroxide, added to a solution of 15 grams of sodium hyposulphite 
and 3 grams of magu€;dum chloride in 70 c.c. of water, aud heated, 
with stirring, for an hour at 60® in an atmosphere of carbon di- 
oxide. A yellow, granular precipitate gradually formed, which, 
after cooling, was collected and well washed with water. A portion 
was dried to constant weight in a vacuum over sulphuric acid, and 
formed a pale yellow, granular powder insoluble in water or the 
usual organic solvents or in sodium carbonate, but readily soluble 
in aqueous sodium hydroxide. 
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Found; N = 6'5; A8=35’6. 

C 14 HJO 4 N 2 AS 2 (418-1) requires N = 67; As = 35'9 per cent. 
The remainder waS' dissolved in aqueous sodium hydroxide, and 
the sndivm salt precipitated by the addition of alcohol. This, after 
drying in a vacuum, was obtained as a pale yellow, fairly stable 
powder readily soluble in water, sparingly so in alcohol, and in. 
soluble in ether. 


Ef’timation of Arsenic in Suhstit-uted Phenylarsinic Acids, 


For the estimation of arsenic in the foregoing and many otlier 
compounds, the following modification of Lehmann’s method 
(Apoi/i. Zeit., 1912, 27, 545) has been used, and has been found 
to give good results generally with substituted phenylarsinic acids, 
0'2 Gram of the powdered substance is accurately weighed and 
intimately mixed in a 250 c.c. flask with 1 gram of potassium pej. 
manganate. Five c.c. of 50 ])er cent, sulphuric acid are added, 
followed by a further 10 c.c. of concentrated sulphuric acid when 
the first reaction has ended. After a few minutes, 10 e.c, of water 
are added, and the mixture is heated tor half an hour to gentle 
boiling, precautions being taken against loss by spraying, The 
manganese dioxide is then removed by a slight excess of hydrogen 
peroxide, 30 c.c. of water are added, and the solution is again boiled 
tor ten minutes, after which a dilute solution of potassium per- 
manganate is added drop by drop until a faint, permanent pink 
tinge is obtained. This is discharged by the addition of a drop 
of a dilute solution of oxalic acid. The solution is then cooled, 
3-5 grams of potassium iodide are added, the, whole being allowed 
to remain for an hour, and the liberated iodine titrated by means 
of thiosulphate. A blank experiment should be carrierl out along- 
side each estimation, and the final reading corrected accordingly. 
The following are examples of the results obtained: 

As 


Substenco. 


Found. 


3.Nitro-4 hydroxyphenyiarsinic acid 

p-Aminophenylarsinic acid 

1 : 2-Dihydrobenzoxazolon©*4-arsiiiic acid 

3-Nitro-4-aminophenylarsinic acid 

3 : 3'-Dimtro-4 : 4'-dihydroxydiphenylarsinic acid, 
p-Bromophenylarainic acid 


28-4, 28-4 
34-5, 34-5 
28-6 

28-9, 28-8 
19-6, 19-5 
26'.') 


In conclusion, the author desires to express his thanks 
lessor F. L. Pyinan for his interest during the course 


Calc. 

28-5 

34-tj 

28-9 

28'6 

19-5 

26'7 

to Pi'O' 
of llie 


investigation. 


Wellcome Chemical Research LABORATORfEs, 

London, E.C. 1. [Received, 2m, UJ9.| 
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LXXXIV . — The Selective Combustion of Carbon 
Monoxide in Hydrogen. 

By Eric Keightlhv Rideac. 

In a recent communication (,-l nalyst, 1919, 44, 89), it was shown 
that small quantities of carbon monoxide in hydrogen could be 
preferentially oxidised to carbon dioxide by passing the gaseous 
mixture admixed with a small quantity of oxygen over certain 
catalytic materials maintained at suitable temperatures. 

The following conclusions were drawn, namely, that the pre- 
ferential nature of the combnstiou was affected by the nature and 
temperature of the catalyst employed; thus, the oxides of copper 
(operative at 110°) and of iron and chromium (operative at 250° 
to 350°) were extremely efficacious in inducing the combustion of 
the carbon monoxide, whilst an enhanced activity could be 
obtained by the addition of certain promoters, such as ceria and 
thoria, in small quantities to the mixed oxides. With reduced 
nickel, on the other hand, complete interaction of oxygen and the 
hydrogen was obtained. At the time, it was considered probable 
that with suitable catalytic material maintained at the proper 
temperatures only carbon monoxide, and no hydrogen, could be 
burnt, the selective nature of the reaction being gradually lost 
with elevation of the temperature. It was also established that 
complete elimination of the carbon inono.xide could lie effected by 
this means, and that the mechanism was not founded on the opera- 
tion of the water-gas reaction, H.,0 i-CO H^-t-CO.,, at low 
temperatures. 

In view of the importance of the processes of selective combus- 
tion, such as of hydrogen sulphide in hydrogen, phosphine in 
ammonia, which are being investigated, and of the present example, 
it was deemed of interest to study the mechanism of the reaction 
in somewhat greater detail in order, if possible, to obtain material 
to assist in making a decision as to the validity of the various 
theories of heterogeneous catalysis which are now extant. In the 
case of the catalytic combination of hydrogen and oxygen on the 
surface of platinum black, the theory of an intermediate com- 
pound is strongly supported by the work of Engler and Wohler 
(ZeiUch. anorg. Ghem., 1901, 39, 1; Her.. 1903, 36, 2642), whilst 
Sabatier, in his researches on hydrogenation by means of metallic 
nickel, concluded that his results were explicable on the assump- 
tion that an unstable nickel hydride was formed ( La Catalyse en 
Chimie Organique”). 
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Faraday {Phil. Tram., 1834, 114, 55), on the other hand My 
ardent support to the adsorption theory. Recently, Bancrofj 
(/ . Physical Chem., 1917, 21, 8), from a survey of the work of 
Turner, Henry, Lunge, Harbect, and Bone, draws the conclusi 
that the facts are capable of the simplest explanation on ft 
adsorption theory. 

The adsorption theory, however, is capable of several interpret 
ations, which at the present time are developing along two distinjt 
lines, that may he termed the dijfusion theory and the single In 
theory. In the diSusion theory, which finds its expression in ftj 
work of Bodenstein (Zeitsch. physikal. Chem., 1899 , 29, 656 et 
seq.), and for which some support can be gained frcan the experi 
ments of Bone and his co-workers (Phil. Trans., 1906, [i], 206 1) 
the adsorbed layer is relatively thick and the velocity of reaction 
is governed rather by the rate of diffusion of the reactants and pro- 
ducts in this layer than by the rate of chemical change occurring 
at the actual surface of the catalyst. In the single layer theory 
advanced by Langmuir (J. Amer. Chem. Soc., 1916, 38, 2221- 
1917, 39, 1848; 1918, 40, 1361), Harkins (ibid., 1917, 39, 59 ij 
and Marcelin, the surface film is considered to be only one mole 
cule thick, thus showing an abrupt change in continuity, and the 
reactions take place in that surface skin. Lewis (this vol., p. 183) 
has recently applied the radiation hypothesis to explain the 
enhanced reaction velocities obtained in the presence of hetero- 
geneous catalytic materials, and has adopted the “single layer ' 
theory as “ the most probable material mechanism of the proces? 
considered.’’ A summary of the results of Bodenstein and Bone 
and Wheeler on the catalytic combination of hydrogen and oxygen 
is likewise given in this paper. Bodenstein and Ohmer’s investiga 
tions (Zeitsch. physikal. Chem., 1905, 53, 166) on the catalytic 
combination of carbon monoxide and oxygen on the surface of hot 
quartz between 300° and 570° led them to the conclusion that the 
rate of combination was proportional to the partial pressure of 
the oxygen and inversely proportional to the ooncentratioa ef 
carbon monoxide, a case of negative catalysis; estimations were 
carried out by the manometric method. 

Experimental. 

The catalytic materials investigated were prepared as follows: 

Iron oxide, prepared by the gentle ignition of the nitrate, the 
remainder of the oxides of nitrogen being expelled by heating m 
a current of steam at 400°. The coarse lumps obtained in this 
way were broken up, and uniform pieces, some 0 2 cm. in diameter, 
utilised for experimental purposes. 
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Iron oxide containing 2-5 per cent, of chromium oxide and 0'5 
per cent, of cerium oxide, prepared in a similar manner from the 
nitrates of iron and cerium with the admixture of the chromium 
salt in the form of ammonium dichromate. 

Copper oxide prepared from copper wire by alternate oxidation 
and reduction with air and hydrogen respectively. The gases were 
carefully freed from any possible contamination with hydrogen 
sulphide or sulphur dioxide. The copper oxide was considered 
sufficiently active when appreciable quantities of water were formed 
when hydrogen was passed over it at 120°. 

Nickel prepared by soaking small pieces of diatomite in nickel 
nitrate, followed by gentle ignition and heating in superheated 
steam, The finished product contained 5 per cent, of nickel. 

Palladium..— An ordinary purchased sample of good quality 
palladised asbestos was used for this purpose. 

Preliminary experiments having shown that it was extremely 
difficult to prepare two specimens of catalytic material identical 
in activity, and, further, that the activity of the catalyst under- 
went marked fluctuations in the course of an experiment, first 
increasing and then decreasing, it was decided not to attempt to 
measure the relative velocities of catalytic combustion of hydrogen 
and carbon monoxide in separate experiments, but to determine 
the relative rates of combustion of these constituents in gas mix- 
tures containing hydrogen, oxygen, and carbon monoxide. 

The gas mixtures of various compositions were obtained from 
electrolytic hydrogen and o.\'ygen and carbon monoxide produced 
from oxalic and sulphuric acids, the carbon dioxide being removed 
by means of sodium hydroxide. Prior to use, the gas mixture was 
carefully freed from any traces of carbon dioxide and from moisture 
by means of soda-lime and phosphoric oxide. 

The furnace was similar to that employed in the analytical 
instrument previously mentioned, but was constructed throughout 
of silica instead of glass. It consisted essentially of two co-axial 
silica tubes, the outer one electrically heated and so arranged that 
the gases could pass in through the annular apace between the 
tubes and down through the catalyst in the central tube. In this 
way, uniformity of temperature in the catalyst was ensured. 

In each experiment, 5 c.c. of catalyst were employed; no attempt 
was made to approximate to the same superficial area of catalytic 
material, although experiments have shown that with a uniform 
catalytic material the activity is proportional to the superficial 
area of the grains; this generalisation, however, does not apply 
to fine powders or to relatively large pieces of porous materials. 

A series of experiments was conducted by passing the gas mix- 
ture through the catalytic material maintained at suitable tempera- 
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tures, and determining the quantitiee of water and carbon dioxijj 
formed by the usual methods adopted in processes of orguij 
combustion, namely, absorption and weighing. In all cases, tli, 
temperature was accurately controlled by means of a thermometer 
around the bulb of which the catalytic material was built up_ 
care was taken to ensure passage of the gas mixture through the 
furnace at such a rate that the fractional conversion was but smalj. 
This consideration is of some importance in the light of the diSnsio^ 
theory, for if we imagine the surface of the catalyst to be covered 
with a small atmosphere of the products of the reaction, carboj 
dioxide and steam, then, if the gas is quiescent, fresh reactants 
can only approach the catalyst by diffusion, and the atmosphere 
will slowly extend from the surface of the catalyst to the walls 
of the containing vessel. Under these conditions, the phenomenon 
of catalysis is not being observed, but there are recorded merelv 
some rates of diffusion liable to large errors caused by convection, 
especially if the reaction is strongly exothermic. A gentle move 
ment of the gas will consequently upset these conditions, and tin 
rates of reaction will be affected by the nature and magnitude oi 
this movement. 

This does not necessarily preclude the diffusion theory of cata- 
lysis, since in this case it is assumed that the atmosphere round 
the catalyst is maintained by the molecular forces of the material, 
and that the “ diffusion layer,” as in the case of liquid and solid 
surfaces investigated by Noyes and Whitney {Zeitsch. -physihl. 
Chem., 1897, 23, 689), is relatively thin — of the order of 0 05 to 
O'l mm. It will therefore suffice always to maintain the gas 
velocity past the catalyst grains, so that the “ diffusion layer, ' ii 
it exists at all, will not exceed the normal thickness produced by 
adsorption. On the other hand, the velocity of the flow of gas 
must not be raised too high, since evidence is not lacking in the 
possibly analogous case of liquid and solid surfaces that the adsorp 
tion film is affected by high velocities; thus, A. Fischer and the 
author computed that the thickness of the film was reduced from 
0 0635 mm. to O'OSIO mm. by agitating the liquid by means of a 
stirrer rotating at 250 and 1100 revolutions per mmote 


respectively. 

In the first series of experiments,’ a mixture oontaimng approxim- 
ately 10 per cent, of carbon monoxide, 10 per cent, of oxygen, 

80 per cent, of hydrogen was passed through the various ca 
materials at various temperatures from 150° to 380 . Be ow o 
the activity of all the catalysts employed, with the excep ion 
palladium, was too slight to yield trustworthy results a 8 
temperatures the activity became so great that, in spite o 
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the quantity of catalyst in the furnace and considerably augment- 
ing the velocity of the gas, a very considerable conversion of the ' 
reactants took place, which, for the reasons already stated, was 
undesirable. 

The results of these experiments are shown in the attached 
curves, from which the two following typical c.vamples may be 
cited: 


Catalyst, iron oxide. 

Temperature, 220°. 

Composition of gas: CO = 9; Oj=14; H 2 = 77 per cent. 


VoL of 

Time 

Weight 

Weight 


gas used. 

of H,0 

of CO, 

C0;H2 

burnt. 

Litres. 

in hours. 

collected. 

coUected. 

0-768 

1-6 

0-0121 

0-1332 

4-43 ; 1 

0-S68 

1*75 

0-0082 

0-0904 

4-22: 1 

0-424 

2*0 

0 0062 

0 0702 
Mean 

4-28’; 1 

4-32 : 1 



Catalyst, copper oxide. . 

Temperature, 280°, 

Composition of gas: CO = 14; 0.2=11'5; H2=74 o per cent. 


Vol. of 

Weight 

Weight 


gM used. Time 
Litres, in hours. 

of H 2 O 
collected. 

of COg 
collected. 

Ratio vol. ^ 
CO : Hj burnt. 

1 0-6 

0-0442 

0-0608 

0-470 : 1 

1 0-5 

0-0298 

0-0344 

0-472 : 1 

1 0-5 

0-OS90 

0-0431 

0-452 : 1 



Mean 

. 0-466 ; 1 
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In all cases, the interesting observation was made that a catal 
which had been allowed to cool exposed to the air, liberated Sui 
on warming in the stream of gas, a relatively large quantity oJ 
carbon dioxide, and, at higher temperatures, water vapour; 
on raising the temperature of a catalyst in the mixture of 
the ratio CO : Hj burnt, as obtained by estimation of the wjtei 
and carbon dioxide, during the first twenty minutes or so, fell 
of the ratio when constant velocity ratios were obtained. 

In the second series of experiments, only one catalytic material 
was employed, namely, iron oxide, and the gaseous mixture was 
altered in composition in order to determine the effect of an altera- 
tion in the partial pressures of the reactants on the relative rates 
of reaction. 

In these experiments, the temperature of the catalyst was maia 
tained at 220°, when the following ratios were obtained ; 


Composition of gas per oent. 

^ -- . 
Oj. Ha 

lO'O 77-7 


Expt. No. CO. 

1 12-3 

2 4-6 

3 2-3 

4 6'7 

B 2-5 

6 120 

7 16-6 


61 

90-3 

5-5 

42’7 

7-0 

883 

390 

48-5 

12-6 

76'4 

19-2 

64'2 


Ratio CO ; H, 
by volume bunit. 
Mean of 

several experiments 
1 ' 24 : 1 

0 - 64 : 1 
0 ' 21 ; 1 
0’62 : 1 
0’30 ! 1 

1 - 25 1 1 
1-6 il 


Discussion of Eesults. 

It will be noticed from the curves that in no case is the s 
combustion of carbon monoxide in hydrogen perfectly 
in all cases we are dealing with two simultaneous reactions, th 
oxidation of hydrogen and of carbon monoxide, the velocity ol 
each naturally varying with the temperature, the composition if 
the gas, and also with the nature of the catalytic materul 
employed . 

The results do not appear compatible with the theory of »• 
intermediate compound as interpreted in the older sense and ml 
on Langmuir’s view of surface combination, since no evidence of 
stable hydrides or carbonyls was obtained. The resulte, in 
tion, do not favour the adsorption theory of catalysis, for t e 

following reasons. ■ i h tk 

Assuming that the reaction velocity is governed entire y y 
rate of diffusion of the reactante through the atmosphere of car o 
dioxide and steam around the material, then the relative r® 
velocities, at any definite temperature, should 
marked extent with the nature of the catalytic ma ri 
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aud, further, owing to the greater mobility of hydrogen, this gas 
should burn more quickly than carbon monoxide, especially at 
relatively low temperatures, when the adsorbed atmosphere is pre- 
sumably denser than at more elevated temperatures. Neither of 
these deductions is confirmed by the experimental figures. 

The general shape of the temperature : ratio curves obtained can, 
however, be deduced from theoretical considerations if Langmuir's 
theory of single layer absorption is adopted, together with Lewis’s 
application of the Marcelin-Rice principle of activation to hetero- 
geneous systems. 

It is evident that the dependence of the ratio CO : H 2 burnt, on 
the partial pressure of the reactants on a given catalyst at a 
definite temperature, indicates the relative reaction velocities of 
two separate reactions, the surface oxidation of hydrogen and of 
carbon monoxide; these can be expressed in the form; 

I (a) 2 H 2 O 

{b) -tO, -> H,Oj -> H,0 

II (a) 2CO-hOj 200^ 

( 6 ) CO -hOj CO 5 COj 

(c) CO +i0.j-^ COj 

Lewis gives evidence in favour of assuming that in the case of the 
combustion of hydrogen the primary reaction is 
Hj-hOj HjOj, 

supported to some extent by the work of Bone and Wheeler (Phil. 
Tram., 1906, [4], 206 , 1), who disagree with Bodenstein {Zeitsch. 
physihU. Ghem., 1899, 29 , 665), whose figures for the velocity 
constant corresponded with the reaction 
2H2-f02=2H20. 

In the present instance, where ratios alone are being considered, 
we can easily distinguish between these reactions, since if each 
reaction follows the same course, for example. I (o) and II (a), 
then, since 


21 I 2 + C 2 

= 21120 

2CO-fOj 

.=2C02 

^ dt 

(Hs)*(Os) 

dCc 

"W 

(C0)=^(02) 

dCco 


dt 

(CO)“ 




rf./. 


or 
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that is, the relative velocities of combustion are independent of the 
concentration of oxygen. 

If, on the other hand, the oxidation of hydrogen and carhot 
monoxide proceeds differently, say according to the equations I{jj 
and II (c), then, since 


H2-t 

- O 2 — > HjOo 

-> HjO 


CO-piOj-^- 

CO 




dt 

(C0)(0,)t 

^ (CO) 


’ (He)(0,) 


dt 




that is, the relative rates will be a function of the pressure of 
oxygen. From the above experimental determinations, all the 
possible ratios can be calculated. A few trials were sufficient to 
indicate that one ratio, and one ratio only, gave figures closelv 
approximating to those experimentally determined, namely, 

dCf>Q 

7^ (H,)(Os)i 

dt 


and the experimental and calculated value.s are given in the follow- 
ing table: 


Ratio: 


Expt. No. 

1 

21 

31 

41 

SI 

81 

71 


Kfttio 

• — 

(HjKOd* ' 

CO : H, (Expt. I.) 

CO : H, (Expt. II.) 

calculated from com- 

f gases burnt. 

positiona of mixtures. 

2-3 

2‘28 

2-6 

30 

0-40 

0-30 

17 

2-9 

0-24 

0-19 

0-77 

0-76 


It will be observed that, with the exception of the ratio expt. 
4 : 5, the agreement is fairly good between the observed figures md 
those calculated on the assumption that the velocities of reaction 
are in accordance with one of the two following schemes: 


i. f H, + 0, HjO. IfjO 

1 CO + KO 2 ) -> COj 

B. I ^ 

' 1 CO rate independent of the concentration of oxygen. 

Although from these experiments it is impossible to 
between these two hypothetical cases, yet, in view of the fact 
carbon monoxide is burnt on all the catalysts investigated, w c 
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oxides or not, it may be assumed that the first set of reactions is 
probably more comet, which on Langmuir’s hypothesis would 
indicate that the hydrogen and carbon monoxide were bound by 
only one valency bond to the catalytic material, and the oxygen 
both by one and by two. 

Lewis adopts the hypothesis that the oxygen is adsorbed by the 
catalyst and exists in the atomic state on its surface, and that all 
that is necessary is for an activated molecule of hydrogen or carbon 
monoxide to come into contact with an atom of oxygen. If we 
adopt the hypothesis that the number of active oxygen atoms or 
molecules are already present in large excess, and that the reaction 
velocity is governed entirely by the number of molecules of 
hydrogen or carbon monoxide that receive the necessary critical 
energy increment per second, then the ratio of gases burnt should 
be independent of the concentration of oxygen, which is not the 
case. It would appear, however, that the energy necessary to 
activate a gram-molecule of oxygen sufficiently for it to become 
reactive at the surface of such catalysts is extremely small, and for 
the purposes of calculation may be neglected. 

The reaction velocity of each reaction is accordingly given by 
the expressions 

dCcu - C^''co_+ Aw.) 


dt ‘ Bf— 

or 

_ f/Oco 

dt - -Etco, 

^ “ 7 * RT ^ ' 

" dt 

where Vqq, v^, are the frequencies of the radiation bringing about 
the partial activation of hydrogen and carbon monoxide, N the 
number of molecules per gram-molecule, h Planck’s constant, 
Lh.o and £ 50 ^ the heat of desorption per gram-molecule of the pro- 
ducts of the reaction, namely, water and carbon dioxide at the 

temperature T, “ the ratio of the surface concentrations of carbon 

1 

monoxide and hydrogen. For the purposes of calculation, ij.,, 
are taken as the latent heats of water and carbon dioxide 
at the respective temperatures, it being assumed that the values 
alter in a linear manner with the temperature. For water, the 
values adopted are 9000 calories at 100° and 0 at 365°, the critical 
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point; for carbon dioxide, 6200 calories at 0 ° and 0 at 351 ) 
Lewis’s value, deduced fican Bohr’s atomic model of 21,000 calori 
per gram-molecule, is taken as the experimental value of jVL** 
whilst that for carbon monoxide was calculated as follo»’ 
Assuming the equality of the four carbon linkings in the carlco 
atom, then from the heats of combustion of carbon and its oxide' 

C -to, = 00, + 94,320 
CO + 0 = CO, + 68,220 
Therefore C +0 =CO +26,100, 


or the heat equivalent of two carbon-oxygen linkings is 
68,220-26,100 = 42,120 calories. 


or 21,060 for one valency. 

If we assume that the carbon monoxide is activated by desorp- 
tion after adsorption on to the oxide catalyst by means of om 
carbon-oxygen valency, the necessary critical increment for sutl 
au activation is 21,060 calories per gram-molecule, or 
fFAvco= 21,060. 


Therefore Nhvs.-ShvQf,= -60 calories only, or the spectral 
regions in which hydrogen and carbon monoxide are activated ate 
practically identical. An approximately similar result may le 
obtained from the ionising potentials of the two gases, It can 
easily be shown that the critical increment Nhv is equal to 
2'2 X 10* F (where V is the ionising potential in volts). The yalni 
of F for hydrogen is approximately 16 and for carbon monoadt 
about 15-8 to 15-9 volts; thus, in this case, Nhv^,-Nhv^= +3M0 
calories. These figures are necessarily somewhat inexact, and tk 
degree of activation required for catalytic chemical reaction is 
probably much less than is required for ionisation, as indicated kj 
the above figures. 

The following table summarises the results of the calciilatioa 
for the determination of the ratio of the reaction velocities jt 
various temperatures, on the assumption that the activation of tie 
oxygen is not a part of the process. 


Temperature. 

ZrHaO. 

Lcoj. 

-60’ 

14,600 

18,000 

0 

12,600 

6.000 

60 

10,800 

0 

100 

9,000 

— 

200 

6,600 

— 

260 

3,900 

— 

300 

2,000 

— 

350 

500 

• — 

400 

0 

— 



-60+In/'-F 

60+LH2O-ICO, 

e ' “ET 

RT ■ 


9-0 

0-0001 

11-8 

136,000 

le-e 

16xl0» 

12-0 

206,000 

8-7 

300 

3'7 

m 

1-7 

5-6 

0-35 

]42 

-U'(I4 

O’Oti 
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The relative velocite of combu.tiou for a oiixturo of carbon 
monoxide and hydrogen m the ratio of 1:8, calculated from the 
above table, are shown in the curve, and thb similarity in form 
between this derived curve and that experimentally detennmed on 
the iron oxide catalyst is clearly indicated. A closer agreement 
IS scarcely to be expected, since the factor introduced by the 
possible activation of the oxygen and the effect of its partial 
pr^Bure on the ruction velocity have been neglected, together 
with the uncertainty introduced by equating the latent heat with 
the heat of desorption. It follows that the removal of carbon 
monoxide from hydrogen by this means takes place most readilv 
at about 50“ to 100“, whilst below -50° and above 400“ hvdroeen 
burns more quickly than carbon monoxide, selective combustmn 
being entirely dependent on the fact that energy is required for 
the desorption of one of the products of combustion, namely water 
vapour, although in the ease of iron oxide it is scarcely sufEcientlv 
reactive below 220“ to permit of the optimum conditions of 
operation. 

It is interesting to note that at high temperatures hydrogen 
burns more quickly than carbon monoxide. 

It is evident that the simple adsorption theory, where the 
hydrogen and carbon monoxide are adsorbed and activated by 
radiation and the oxygen is adsorbed and activated by the catalyst, 
gives an adequate explanation for the observed dependence of the 
reaction velocity ratios on the composition of the gas and on the 
influence of temperature, but these considerations do not give any 
insight into the dependence of the ratio on the composition of the 
catalyst. 

The temperature-coeflicieiils of both these reactions are sufBci- 
ently large to exclude the hypothesis that every hydrogen and 
carbon monoxide molecule striking the surface and becoming 
attached to the catalyst is oxidised; one is forced to assume that 

the ratio J, which is the ratio of the surface concentrations of the 

two gases, varies with the catalytic material. Adopting the hypo- 
thesis of molecular attachment by one bond for hydrogen and 
carbon monoxide, the ratio of the surface concentrations can be 
derived by Langmuir’s equation ; 

N _ (Tfl 

where = Avogadro’s constant. 

A[,=number of space lattices per sq. cm. 

^ p;., where r=rate of evaporation from a completely 
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Hence 


covered surface; A, a factor approximating to 
being the fraction of the number of molecules atrikiil 
the surface which are absorbed. ^ 

fjL= gram-molecules striking. 

= where P is the gas pressure, M the molecular 

weight, and T t^e absolute temperature. 

= gram-molecules adsorbed per unit area. 


^ H:^Hi(^CO'\/^GO^ + ^CO-Pco) 

Putting 


whilst if each molecule is attached by two bonds, 


®w 

“a. ' ^co.-^HsV-^Po 

W® have aaaumed in the former calculation that the siiriaw 


concentration ratio is equal to the ratio 



(where ft is a constant), which is actually the case for any oji 
particular catalytic material, hut a closer approximation is gmn 

by 


Ki 


Yjl 

'Vcc 


where 7 h. is the rate of evaporation of hydrogen from a com- 
pletely covered surface. In the cases considered, where we an 
dealing with the evaporation of a gas from a solid surface, tli 
rate of evaporation from a completely covered surface rnay b* 
regarded as a simple function of the vapour pressure. It folio® 
that for various surfaces the rates of evaporation of gases are id 
the same, and we must postulate, as Langmuir has done, 
chemical combination between gas and surface, these quasi-chc™<* 
combinations possessing different free energies. Since lit * ” 
known about the unstable hydrides of the elements, the wor 
Sieverts (Zeitsch, physikal. Chem., 1907, 60 , 169, e( 
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Iso D- P- Sinifchj J . i’hysicttl Vhem.f 1918, 23, 186) being devoted 
0 the study of occlusion of this gas in the various metals, we may, 
or purposes of comparison, regard the free energies of the unstable 
piasnchemical superficial hydrides or carbonyls as ei^ual or running 
jsrallel to their heats of formation and stal)ility, whilst a know- 
edge of the vapour pressures at different temperatures and the 
pecific heats is required for an exact determination of the free 
jnergy at various temperatures. 

It will bo noted that the ratio Hj/CO burnt increases pro- 
rressively with the following catalytic materials: iron oxide; iron 
oxide with promoters; copper oxide; nickel; palladium; this is 
the order of increase in the stability of the hydrides, the union of 
palladium and hydrogen being actually exothermic at the ordinary 
temperature. The rate of evaporation of hydrogen from these 
surfaces, Va.i will therefore, under identical conditions, decrease 
ill the above order, or the surface concentration, a«,, will increase. 
Hence the ratio a^jaa., which is the ratio of the surface concen- 
trations of the two gases, will alter with the catalytic material, 
and with this alteration in the surface concentrations there will 
he a corresponding alteration in the rates of combustion. As the 
Itemperature is raised, the rates of evaporation of the gases increase, 
md thus the specific influence of the catalytic material disappears; 
his inference is clearly indicated in the curves, where it will be 
noted that at 400° the ratio is practically independent of the 
xrtalyst employed. 

Summary. 

i The selective combaslion of carbon monoxide in hydrogen on 
,he surface of catalytic materials is shown to be a case of two 
imultaneous reactions. The rates of combustion of the two gases 
letween 100° and 400° are related to the composition of the gaseous 
nixture by the expression: 

dc^ 

^ (CO) 

= *{Hs)(OJS' 

dt 

Elevation in temperature causes a decrease in the apparent 
slective character of the reaction, and the relationship between 
be influence of temperature and the ratio of gases burnt can he 
rlculated approximately from the conception of the critical incre- 
lent as developed by Lewis. 

The results obtained are in agreement with Langmuir s theory 
I adsorption, in which the adsorbed layer is considered to be only 
VOL. CSV. ^ ^ 
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one molecule thick; but the surface concentration of each gaj 
found to be dependent, not only on the nature of the gas, but also 
of the absorbing surface, indicating that the quasi-chemical coni_ 
binations between gas and surface possess diflerent free energies 
and are not simply the result of differences in activation of the 
reacting gaseous constituents. 
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LXXXV.— r/te Temperature of Explosion for Endo- 
thermic Substances. 

By Rasik Lal Datta and Nihae Ranjan Chatteejee, 

Beethelot has shown (Cofnpt, rend,, 1887, X05, 1159; 1899, 129, 
926) that certain endothermic substances which, if heated gradj- 
ally, would either volatilise or decompose, can be made to esplodi 
by throwing them into a vessel previously raised to a suitably high 
temperature. This result was observed with trinitrophenol, mote, 
di-, and tri-nitronaphthalene, and potassium chlorate. The 
authors, following up these observations of Berthelot, find that 
for each endothermic substance there is a temperature below whieli 
explosive decomposition does not occur, and this definite point is 
termed the temperature of explosion. 

The procedure adopted was to drop a small quantity of the snl- 
stance to the bottom of a clean test-tube immersed in a bath of 
potassium hydrogen sulphate just when the temperature of the 
bath has attained the temperature particular to each substance, as 
otherwise a simple decomposition would take place. The tempera 
ture of this bath, up to 500°, was recorded on a mercury theme- 
meter; at higher temperatures, a thermo-couple was employed. 1 s 
experiment was carried oat in an atmosphere of carbon dioxide bn 
any other indifferent gas, such as nitrogen, may be used, and e 
plosive decomposition occurs with equal readiness in a vacuum. 

From the results recorded below for the temperatures of ® 
plosion of various substances, one or two conclusions o ^ S® 
kind may be drawn. So far as nitroalerivativ^ are 
appears that, of the disubstituted derivatives of benzene, th Jt 
expound, as a rule, has tiie lowest, and , 

highest, temperature of explosion. Thus the temp 
explosiq® for o-, m-, and pchloronitrobeniene are 61 , - 
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720“ respectively. In the case, however, of the nitrophenols, the 
para-compound baa a lower temperature of explosion than the 
meta-compound, For dinitro-compounds with the nitro-group in 
the meta-poeition, the temperature of explosion falls as the number 
of alkyl groups attached to the ring increases. In this connexion, 
the figures for the temperatures of explosion of m-dinitrobenzene, 

2 ; 4 -dinitrotoluene, and 4 : 6-dinitro-o-xylene may be quoted ; they 
are 580“, 470°, and 438° respectively. The same relation holds 
good in the case of triuitro-derivatives. 

In the following record, the temperature of explosion follows 
the name of the compound examined. 

Nitro-compounds. 

o-Dinitrobenzene, 472°; m-dinitrohenzene, 580°; 1 : 3 : 5-trinitro- 
jenzene, 520°; 2 ; 4-dinitrotoluene, 470°; ii-2:4:6.trinitrotoluene, 
118°; 4 ; fi-dinitro-o-xylene, 438°; 3 ;4-dinitro-o- xylene, 413°; tri- 
litroxylene (m. p. 178°), 408°; 2:4:6-ttinitro->n-xylcne,410— 412°; 

2 ; 3 : B-trinitro-p-xylene, 410°; dinitromesitylcne, 418°; tri- 
Qitromeaitylene, 415°; trinitrocumene, 502°; 2:4-dinitrostilbene, 
412°; o-dinitrostilbene, 420°; o-dinitrodiphenylm$thane (m, p. 
181°), 335°; 1 ; 6-dinitronaphthalene, 492°; 1 .-S-dinitronaphtha- 
leue, 445°; trinitronaphthalene (m. p. 122°), 364°; tetranitro- 
usphthalene (m. p, 170°), 323°; o-chloronitrobenzeue, 614°; 
m-chloronitrobenzene, 638°; p-chloronitrobenzene, 720°; p-bromo- 
nitrobenzene, 765°; p-iodonitrobenzene, 605°; o-nitroaniline, 655°; 
si-uitroaniline, 552°; p-nitroaniline, 627°; 2 ; 4-dinitroaniline, 548°; 
p-nitrobenzoic acid, 635°; 2 : 4-dinitrobenzoic acid, 484°; 3;5-di- 
nitrobenzoic acid, 523°; o-nitrophenol, 630°; m-nitrophenol, 657°; 
pnitrophenol, 633°; 2 :4-dinitrophenol, 498°; 2 : 4 ; 6-trinitropbonoI, 
418°; 3-nitro-o-cresol, 503°; fi-nitro-m-cresol, 393°; 3 : 4-dinitro-o- 
cresol, 472°; 3:5'dinitro-o-cresol, 455°; 2;4:6-trinitro-m-cresol, 
405°; 5-nitro-p-xylenol, 407°; 3 : 5-dinitro-o-xylenol, 432°; 2:4:6- 
‘rinitroresorcinol, 314°; o-dinitrodihydroxydiphenyl (m. p. 184°), 
47°; 2:6-dichloro4-nitrophenol, 648°; 4 : 6-dich!oro-2-nitrophenol, 
62°; 2 : 6-dibrom(r4-nitrophenoI, 625°; 4:6-dibromo-2-nitrophenol, 
i30°; 2 : 4 : 6-tribromo-3-nitrophenol, 605°; 6-bromo-2 : 4-dinitro- 
Aenol, 713°; 2-iodo-3-iiitrophenol, 448°; 2 : 4-di-iodo-6-nitro- 
henol, 633°; 2 : 6-di-iodo-4-nitrophenol, 548°. 


PicnUo. 

Ammonium picrate, 423°; hydrazine picrate, 386°; allylamine 
picrate, 270°; carbamide picrate, 489°; semicarbazide picrate, 

p P 2 
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474°; guanidine picrafe, 498°; hexamethylenetetramine picrjj^ 
360°; aniline picrate, 398°; o-tolnidine picrate, 400°; trnaplitijJ 
piorate, 458°; /9-naphthol picrate, 469°; naphthalene picrate 4 g 4 o. 
phenanthrene picrate, 478°; acenaphthene picrate, 418°; pyriJiDj 
piorate, 432°; quinine picrate, 280°; quinidine picrate, 272“- 
cinchonine picrate, 268°; cinchonidine picrate, 260°; stryclmiei 
picrate, 290°; atropine picrate, 460°. 

A zo-covijiounds. 

Azohenaene, ,540°; aminoazobenzene, 598°; dimethylammcazo- 
benzene, 643°; diazoaminohenzene, 703°. 

Haloid Compounds. 

Iodoform, 295°; p-di-iodohenzene, 788°; 2 : 4 ; 6-tri-iodoplierol, 
675°; di-iodo-o-cresol, 782°; 2:4:6-tri-iodo-»i-cresol, 696°; 2;4;8. 
tribromoreeorcinol, 713°; 2:4:6-tribromo-orcinol, 793°; penlt. 
bromo-orcinol, 698°. 


Organic Perchlorates. 

Allylamine perchlorate, 262°; methylamine perchlorate, 338’; 
propylamine perchlorate, 290°; heptylamine perchlorate, 265“; 
hexylamine perchlorate, 278°; aniline perchlorate, 250°. 

o-Toliddine perchlorate. — ^This salt hae not previously tesn 
described. It is prepared by neutralising the base with percllorit 
acid. It does not melt on heating, but slowly carbonises: 

0-0993 gave 6 c.c. Nj at 28° and 760 mm. N = 6-72. 

CjHjNjHClOj requires N=6’76 per cent. 

It explodes at 260°. 

m-Toluidtne perchlorate. — ^This salt was prepared by the inter- 
action of the hydrochloride of the base and silver perchlorate. It 
melts and chars at 200° : 

0-0804 gave 4'9 c.c. Nj at 28° and 760 mm. N = 6-78. 

CjHeN,IIClO< requires N = 6-76 per cent. 

It explodes at 300°. 

The following perchlorates were prepared by double decompori 
tion, as in the preceding case. 

p-TdaidiM perchlorate ; 

0-1027 gave 6-2 c.c. Nj at 29° and 760 mm. N=6-70. 

CjHeN.HClO^ requires N=6-76 per cent. 

It explodes at 278°. 
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ja-i-Xylidint perchlorate decomposes at 200®: 

0-1000 gave S'S c.c. at 28® and 760 mm, N=6'45. 
CjHiiNjHClO^ requires N=6-33 per cent. 

It explodes at 260°. 

p-Xylidi«e perchlorate decomposes at 210°; 

0-1072 gave 6 c.c. Nj at 28° and 760 mm. N = 6-33. 

requires N — 6-33 per cent. 

It explodes at 258°. 

Bemylamine perchlorate melts at 120 °: 

0'0816 gave 5-2 c,c. Nj at 28® and 760 iiim. N-7 09. 
CjHjNjHClO^ requires N — 6-76 per cent. 

[t explodes at 305°. 

Phenylethylamine perchlorate, 280°; a-naplithylamine per- 
chlorate, 228°; menthylamine perchlorate, 308°. 

Camphylamine perchlorate melts and decomposes at 215° ; 

0-0570 gave 3-1 c.c. at 29° and 760 mrn. N = 5-97. 
Ci(|HjjN,HC10^ requires N=5-53 per cent. 

It explodes at 255°. 

Biethylamine perchlorate melts at 107° and is very hygroscopic: 
0-1067 gave 7-8 c.c. N|> at 28° and 760 mm. N=8-13. 
C<H,iN,HCi 6 , requires N = 8-09 per cent. 

It explodes at 282°. 

Dipropylamine perchlorate, 308°; diamylamine pei-chlorale, 
323°; hensylethylamine perchlorate, 322°;.benzylmethylamine per- 
chlorate, 294°. 

Bihenzylamine perchlorate e.\plode 8 at 290°; 

0-0574 gave 2-6 c.c. at 27° and 760 mm. N-^5-31. 

C] 4 Hj 5 N,HC 10 < requires N=4-7 per cent. 
p-Tolyltrimethylaoimnnium perchlorate melts at 192° : 

0-0670 gave 3-8 c.c. Nj at 30° and 760 mm. N = 6-08. 
Cii|H,jN,C 104 requires N=5-62 per cent. 

It explodes at 310°. 

Methylpyridirdum perchlorate explodes at 362°: 

0 0661 gave 4-9 o.c. Nj at 32° and 760 ram. N=8-12. 

C 0 H 9 N,CIO 4 requires N=7-61 per cent. 
Xthylpyridinium perehlorute explodes at 340°: 

0-0765 gave 4-9 c.c. at 30° and 760 mm. N = 7-07. 

CylljjN.ClO^ requires N-6-73 per cent. 

Neurine perchlorate, 298°; phenylbenzyhnethylanimouium per- 
hlorate, 275°; trimethylsulphonium perchlorate, 280°; ethyl- 
luinolinium perchlorate, 330°; propylquiuolinium perchlorate. 
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342°; efchylquinaldinium perchlorate, 268°; hydrazine monopjf 
chlorate, 238°; hydrazine diperchlorate, 216°; trimethylea^. 
amine perchlorate, 310°; ethylenediamine perchlorate, 270°. 
Guanidim perchlorate melts at 237°: 

0-2249 gave 53 o.c. Nj at 29° and 760 mm, N=26-15. • 
CHjNj.HClO, requires N = 26-41 per cent. 

It explodes at 367°. 

Semicarbaiide perchlorate explodes at 278°: 

0-0929 gave 20-2 c.e. Nj at 30° and 760 mm. N=24 01. 

CHjONjjHCIO, requires N = 24-00 per cent. 
Piperazine perchlorate melts at 80° : 

01156 gave 9 c.c. Nj at 29° and 760 mm. N=8-64. 
CjHijN 2 , 2 HC 104 , 2 H 20 requires N = 8-69 per cent. 

It explodes at 290°. 

o-Phenylenediamine perchlorate explodes at 250°: 

0-0310 gave 2-6 c.e. Nj at 27° and 760 mm. N = 9-31. 

CjHgNjiOHClOi requires N = 9-09 per cent. 
m-Phenylenediamine perchlorate, 263°; p-phenylenediamiM 
perchlorate, 260°. 

Alkdmdt, etc. 

Brucine, 793°; narcotine, 720°; narceine, 697°; chloraluretlm*, 
673°; oxalylhydrazide, 548°; acetophenoneoxime, 734°; leml, 

643°. ■ _ 

Investigations on similar lines are being continued. 

ChBJCIOAL LABOKATOar, 

Univebsitt Collbob of Scibnob, 

PBESiDBNoy Collbob, Calcutta. [Becewed, May 9<A, 1918,] 


LXXXVI.— r/ie Preparation of Butylamine and c/ 
n-Dibutylamine. The Separation of Aliphatv; 
Amines by Partial Neutralisation. 


By Emil Alphqnse Webnek. 

The preparation of n-butylamine, and of n-dibutyiamme, fr® * 
interaction of butyl bromide and ammonia in alcoholic 
the ordinary temperature has been investigated. A P‘'°°® a j 

lar to that employed in the preparation of the corres^n i g 
derivatives of ammonia was adopted (T., 1918, 113, 
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The details of a few experiments on a simple method for the 
leparation of amines from intermediate distillates are recorded, and 
whilst the results have a practical value as regards the economic 
reparation of amines on a large scale, they go to show that the 
revailing views with respect to the relative basicity of primary, 
iecondary, and tertiary aliphatic amines require to be modified,' 
JExpts. 2, 3, and 4.) 


Eipekimentai. 

s-Butyl bromide was conveniently prepared by distillation at 
98—100“ of a mixture of butyl alcohol, sulphuric acid, and sodium 
bromide in molecular proportions, the temperature being raised to 
120“ towards the end of the process. The yield of the crude product, 
dried over calcium chloride, was equal to 92 per cent, of the theo- 
retical, and from 1126 grams there were obtained after redistillation 
1082 grams of pure butyl bromide, boiling at 100—101“. 

Eipt, /. — 'Four litres of 90 per cent, alcohol were saturated with 
ammonia until 500 grams of the gas had been dissolved ; 200 grams 
of butyl bromide were added (ratio butyl bromide to NHj approxi- 
mately 1 to 20), after which, at successive intervals of three days, 
fresh quantities of the alkyl haloid were added as follows : 180, 170, 
160, 150, and finally 140 grams. Thus, in all, 1000 grams were 
added over a period of fifteen days; preliminary tests had shown 
that nearly all of the butyl bromide was decomposed after three 
days. Only a few crystals of ammonium bromide separated, and on 
the twentieth day the alcoholic solution was concentrated by dis- 
tillation, when 175 grams of ammonium bromide were recovered. 
As no crystalline matter separated after further concentration, the 
product was diluted with water and boiled to expel the last traces of 
alcohol. A dark brown, syrupy liquid (1200 grams) was ultimately 
obtained, which, analysis showed, contained 399'4 grams of bromine ; 
hence this required 200 grams of sodium hydroxide for the libera- 
tion of the total amines present. 

Whilst the separation of butylamine (b. p. 76“) from dibutylamine 
{161“) by distillation was comparatively simple, this was not so as 
regards the separation of the latter from tributylamine (214“). 
Hence, in order to avoid tedious fractionations of a mixture of all 
three amines, fractional treatment with sodium hydroxide was 
adopted as a preliminary (T., loc. cil.). 

3^e product was introduced into a large separating funnel, 
40 grams of sodium hydroxide dissolved in 80 c.c. of water were 
added, and the mixture was vigorously agitated at intervals ; after a 
few hours the layer of ‘ amine ’ which had separated was removed. 
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It weighed 67 grams (dry) and was a mixture of di- and tri-L t 
amine, in which the latter largely predominated ; it was dealt | 
described later. (Amine A, Expt. 2.) ^ 

After the addition of 80 grams of sodinm hydroxide to the residu 
liquid, followed by brisk agitation, 200 grams of ‘ amine ’ (g) 
separated. This was distilled, with the aid of a three-bulb pej, 
shaped still-head, and 109 grams of pure dibutylamine were »! 
lected, after 49 grams had passed over between 80° and 158“ (Jjjh 
with under Expt. 3). The residue, 42 grama, boiling above ISp 
was added to ' amine ’ (A). To the remaining solution a final qnj,, 
tity of 80 grams of sodium hydroxide was added, the mixture wa! 
transferred to a flask, and the whole of the liberated amine wai 
removed by distillation at 90°. The product, ' amine ’ (C), weidej 
187 grams (dry); it was redistilled, using a three-column evaporata 
still-head, and 167 grams of pure butylamine (76 — 77°) were cd 
lected. The residue (20 grams) was added to the first distillsfe 
(49 grams) from ‘amine’ (B). 


Separation of a Mixture of Dibutylamine and Trihntylamint, 
by Partial Neutralisation with Hydrochloric Acid. 

The separation of the mixture of ' amine ’ (A) with the reside# 
from ‘ amine ' (B) into its constituents by fractional distillation »>f 
abandoned as hopeless; thus, for example, whilst the greater pjrt 
passed over before the boiling point (214°) of tributylamine was 
reached, the first fraction (162 — 180°) contained 10'7 per cent, o( 
tributylamine, and the last fraction (200 — 214°) contained 16'6pei 
cent, of dibutylamine. 

The following simple procedure gave the desired result : 

Expt. 2. — The mixture, 98 grams, which on analysis was found to 
contain 51 grams of dibutylamine, was placed in a separating fiimitl 
and 132 c.c. of 3iF-hydrochloric acid * and 40 c.c. of water were 
added. The product was thoroughly agitated, and after a few hours 
the layer of insoluble amine was removed. It weighed 45 grams, 
and distilled steadily at 212— -214°; it was therefore pure tribuljl- 
amine. 

The aqueous solution was evaporated at 100°, and the resldu# 
dried over sulphuric acid; it weighed 64'3 grams and contained 
01=21-46. whilst (C,H,).,NH.HC1 requires 01 = 21-46 percent. 

The separation of the two amines was therefore complete. 

* The amount of hydrochloric acid required to combine with the dibutyl 
amine only ; the extra water was necessary to keep the salt in solution 
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Separation of a Mixture of ButylamUe and Dibutylamine by 
Partial Neutralimiion with Hydrochloric A dd. 

Bxpt. 3. — The fraction collected between 80° and 158° (49 grams) 
from the distillation of ‘amine ’ (B) and the residue (‘20 grams) from 
the distillation of ‘amine’ (C) were mixed. Analysis showed that 
the product contained approximately 48 grams of butylamiue. It 
was well agitated with 220 c.c. of 3iV-hydrochloric acid in a separat- 
ing funnel and allowed to remain for twenty-four hours. The solu- 
tion was extracted twice with 70 c.c. of ether to remove all the free 
amine. The ethereal solution (previously dried) was distilled, and 
after removal of the solvent and of a few c.c. of amine which passed 
over below 161°, 18 grams of pure dibutylamine were collected. 

The aqueous solution was evaporated at 100°, and the residue 
Iried over sulphuric acid. It contained Cl = 31-U, whi].=it 
requires Cl=32'42 per cent. The weight was 74 
grams, and the proportion of butylamine hydrochloride was equal to 
B6'2 per cent. Whilst the separation in this case was not so com- 
plete as in £xpt. 2 , the results show that on a manufacturing scale 
the recovery of amines from intermediate distillates and residues 
?ould be economically -effected by this method. 

The total yields of the respective amines were; butylamine, 215 
rram8=40’2 per cent.; dibutylamine, 181 grams=41T per cent.; 
ind tributylamine, 47 grams = 10‘4 per cent, of the theoretical, 
i^'heu 200 grams of butyl bromide were added to 3 litres of 90 per 
:ent. alcohol, saturated with ammonia as in £xpt. 1 , and the product 
vorked up after five days, 73 grams of butylamine, equal to 68'5 per 
sent, of tbe theoretical, were obtained; the yield of dibutylamine 
vas 28 grama, equal to 319 per cent, of the theoretical, and no 
iributylamine was formed. 

Tbe following n-butyl derivatives were incidentally prepared in 
jonnexion with other work : 

Ethyl n-butylcarbamate, C^Hg'NH-COgEt, from the interaction 
)f butylamine and ethyl chloroformate dissolved in benzene, was 
>Uained in theoretical yield as a colourless oil which boiled at 
!02 — 203°/765'5 mm. (van JErp, Bee. trm, chim., 1895, 14, 1, gives 
l 00°/15 mm,), 

Bihutyharbamyl chlcrride, (C 4 Hq) 2 N-COCI, a colourless oil, which 
wiled at 242— 243°/ 755 mm., and became pink on exposure to air, 
vas obtained from the interaction of carbonyl chloride and dibutyl- 
unine dissolved in benzene. 

, 'J^rihutykarbamide, C 4 H 9 'NH*CO'N(C 4 H 0 ) 2 , was obtained as a 
viscous, colourless liquid which boiled at 238 — 239°/ 766 mm., by the 
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action of butylamine on the foregoing compound dissolved it 
benzene. 

ds-DibutylcarhartMe, KH 2 *CO‘N(C 4 H 5 )j. The preparation of this 
derivetive furnished an interesting example of the use of benzene in 
obtaining an anhydrous solid as described by Atkins and Wilson 
(T., 1915, 107, 916); and the details are perhaps worth recording. 
Potassium oyanate was added to an aqueous solution of dibntylamine 
hydrochloride, and a viscous oil separated rapidly when the solution 
was heated to 100°. The oil, which was readily soluble in alcohol, 
ether, chloroform, or benzene, showed no signs of crystallisation* 
after it had remained for three days in a desiccator over sulphuric 
acid. The addition of light petroleum to the cold solution in 
benzene failed to induce crystallisation, and with the object of 
removing the solvent the mixture was distilled from a flask plunged 
in hot water. When a portion of the solvent had passed over as a 
turbid mixture, a sudden copious separation of needle-shaped crji- 
tals, melting at 149—150°, took place, while the liquid was sBI 
warm. 

Found: N = 16'n. CoHjoONj requires N = 16-28 per cent. 

The compound is very hygroscopic; it liquefies after exposure to 
the air for a few minutes. 


Separation of Diethylamine from Triethylamine by Partial 
Neutralisation with Hydrochloric Acid.. 

The following experiment supplies a further illustration of tk 
use of this method. 

Expt. 4.— In the preparation of a considerable quantity of 
diethylamine, a fraction was collected between 75° and 91°; itW 
the composition NHEtjwrfi'Td per cent., NEt3=93-26 per cent. It 
weighed 146 grams, and therefore contained 9-84 grams of iethyl- 
amine. It was mixed with 67 c.c. of 2A-hydrochloric acid anJ 
treated as described in Expt. 3. 

The free amine was collected without loss and boiled at 9M1 , 
the boiling point of pure triethylamine. 

The hydrochloride recovered from the aqueous solution contaimd 
Cl=32-22, whilst (C 2 H 5 )jNH,HCl requires Cl = 32-42 per cent. 


UNiVEBamr Chkmicaii Labobatobt, 

TRIOTTr COLLEOB, 

j[)UBUir, [Received, July 2Zrd, 1919.] 

• JIoQobutylcarbamidemeltsatSe'; disubstitutedoatbamidesotto^ 

type gmeraUy melt at a much higher temperature thm the mono® 
derivative. 
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LXXXVll. — The Abnormal Behaviour nf ni r 
carb^^lic Esters and Amlides towards mZZm 

By Bobebt George Pargher and Frank Lee Pyman 

.alts when ^*7 contain a free ™in<.gronp 2‘ Vhy“ 

atom or some other d.splaeeable group, such as the earboxyr^up 
,n one of the 2- 4-, or 5-posit, ous. Numerous derivativ^ 
glyoxahne, m winch these conditions are fulfilled, have been shown 
to couple sod.um diazobenzene-p-sulphonate in aqueous sodimu 
carbona e but an exceptional behaviour is shown by the esten o 

sl^aJd r I 1312, 45 

?b acid (Pyman, T., 

1916 109, 186) These give a negative result, whereas the corre- 
sponding acids behave normally, giving deep red solutions with the 
reagent. 


With the object of finding some clue to this abnormality, we have 
examined the behaviour of a number of carboxylic acids Lntaining 
the glyoxahne nucleus and their esters towards sodium diasobenzene 
p-aulphonate in aqueous sodium carbonate. All the acids examined 
gave a positive result, and so also did the esters of those acids such 

hofir ^'■™P 1“ 

lom the glyoxahne nucleus by a chain of one or more carbon atoms, 
the esters of the 2-alkylglyoxaline-4-carboxylic acids, however, like 
bose of glyoxalme-4-carboxylic acid and 5-methylglyoxaline-4- 
arboxyho acid, gave a negative result, and so also did the anilides 
t glyoxaline-4-carboxylic acid and its 2-alkyl derivatives. In order 
0 ensure that the difference in behaviour was not due to the 
'articular conditions selected for the test, the action of benzene- 
lazonium chloride and p-nitrobenzenediazonium chloride on 
lyoxaline-4-carboxylic acid and ethyl glyoxaline-4-carboxylate was 
aamn . In the presence of hydrochloric acid or acetic acid, 
eiMer of the derivatives coupled, whilst in the presence of sodium 
monate or sodium hydroxide the acid coupled but the ester did 

The abnormality is thus seen to be connected with the direct 
ent of the carboxyalkyl or carboxyanilide group to the 
oxa me nucleus, and would seem to be due to the mutual 
Slice of the imino- and carbonyl groups. 


p p* 2 
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Further than this we do not as yet feel able to ofier any expbi 
ation of the abnormality. The fact that all the glyoxalinecaf] 
oxylic eaters and anilides behave normally towards silver aitra 
in ammoniacal solution, yielding insoluble silver salts, rules outai 
formula such as (I) not containing a free iminic or acidic hydtoni 
atom, whilst their stability towards potassium permanganate 
acid solution would appear to indicate that they exist as tri 
glyoxalines in the presence of mineral acids. 


R-CO-C-NH 


R-CH-C— N. R 

(I-) 


■c(oh):9-n 

ch:n^ 


(n.) 


There is, however, the possibility of a molecular rearrangemen 
such as that represented by formula (II), taking place under U 
influence of alkalis. The nitroglyoxalines also fail to couple vit 
diazoniura salts, and here the explanation seems clear, since tlie 
compounds dissolve in alkalis with a yellow colour, yielding all 
which are no doubt derived from the corresponding nitronic adii 
as Windaus {Ber., 1909, 44 , 758) has suggested, and no lonji 
contain an imino-group. 


NOj-fl-NH 

CH-N 


>CH 


n.o,n:c-n 

6h:n>™' 


The glyoxalinecarboxylic esters and anilides,' however, yit 
colourless solutions with alkalis, and although, bearing in min 
that the nitroglyoxalines themselves are colourless and their alkalii 
solutions only comparatively pale yellow, the lack of colour woul 
alone seem insufficisnt to preclude a formula such as (11), w( d 
not feel justified in advancing it as more than a possibility unt 
further experimental evidence has been accumulated. 

While seeking for comparable instances of the mutual inJneni 
of imino- and carbonyl groups, we have observed that where 
anthranilic acid couples with sodium diazohenzene-p-sulphonate i 
p-nitrobenzenediazouium chloride in sodium carbonate sclutioi 
ethyl anthranilale gives a negative result. Both, of course, coup 
in acid solution. Further, it is perhaps worth noting that whas 
the hydrochloride of anthranilic acid is stable in aqueous so u in 
the hydrochlorides of ite methyl and ethyl esters are readily y 
lysed in cold aqueous solution with liberation of the free 
pare Kolbe, J. pr. Chem., 1884, [ii], 30, 474; Frankel and J 
Ber., 1895 , 28 , 1686; E. and H. Erdmann, Ber., 
and whilst s-ethylenebisanthranilic acid dissolves reach y 
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mineral acids, the corresponding methyl ester is insoluble even in 
excess (FrSnkel and Spiro, loc. at.). 

Experimental. 

The esters described in this communication were juepared by 
boiling the acids with absolute alcohol saturated wilh hydrogen 
chloride. After removing the excess of alcohol and adding cold 
saturated aqueous potassium carbonate, the esters of the 2-alkyl- 
>lyoxaline-4^;arboxylic acids separated in a crystalline state. The 
ither esters were extracted from the solutions by means of chloro- 
onn, and crystallised either as base or as hydrogen oxalate. 

Ethyl iJmethylghjoxaline-i-carhoxylate ciyslallises from ethyl 
icetate in clusters of fine, shimineriug needles, which melt at 156° 
(corr.) and are anhydrous. It is sparingly .soluble in water, but 
readily so in alcohol or ethyl acetate. 

Found: C = 54'3;H = 6-7;N=17'9. 

CjHioOsNj (154T) requires C = D4'5; H = 6-5; N-18-5 per cent. 
The ester gives no coloration with sodium diazobenzene- 
/psulphonate in sodium carbonate solution. 

i-Ethylglyoraline-i-carboxylic Add md Us Derimtires. 

%Eihylglyoxaline-i-carhoxyamlidc is prepared from 2ethyl- 
;lyoxaline-4 : 5-dicarboxylic acid in a yield amounting to 4.5 per 
«nt. of the theoretical by the general method described in a 
jrevious communication (this vol., p. 217). It is readily soluble in 
ilcohol but very sparingly so even in boiling water, from which it 
jrystallises in clusters of fine needles; these are anhydrous and melt 
193° (corr.), sintering from 190°. It gives no coloration with 
|odium diazobenzene-ypsulphonate in sodium carbonate solution. 
Found: C=66'6; H=5-8; N-19-2. 

CijHijONj (216-2) requires C=66-9; H=5-6; N^W'S per cent, 
2-Eihylglyoxaline‘4-C(irho.xylic acid is obtained in good yield by 
he hydrolysis of the corresponding anilide by dilute hydrochloric 
cid at 130°. It is readily soluble in hot water, but sparingly so 
a cold, and crystallises from the former in well-defined, pris- 
latic needles which contain two molecules of water of crystallisa- 
ion. After drying at 110°, it melts at 252° (cnrr.), sintering from 
43°. It gives an immediate blood-red coloration with sodium 
iazobenzene.p-sulphonate in sodium carbonate solution. 

Found, in air-dried acid: loss at HO°=20-7 

C,H 50 jN,, 2 H ,0 requires 20-5 per cent. 
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In acid dried at 110®, C=51'3; H=6’7; N,=19'9. 

CjHsOiNj (1401) requires C=51-4; H=5-8; N=20-0 per 
The picrate crystallises from water in large, prismatic needle 
containing one and a-half molecules of water of cryetallijatioj 
After drying at 60° in a vacuum, it sinters above 170° and form 
a turbid liquid, which becomes clear at about 195°. 

Found, in air-dried salt, H20 = 6'9. 

C 6 H 802 N 2 ,CeHj 0 rNs,l|Hj 0 requires 6'8 per cent. 

In dried salt, N = 18'7. 

CeHgOjNejCeHjOjNe (369-2) requires N = 19'0 per cent. 
Ethyl %ethylglyoxaline-i-carhoxylate crystallises from ettj] 
acetate, in which it is readily soluble, in prismatic needles wlid 
melt at 129° (corn.), and are anhydrous. It is readily solublsij 
alcohol, but sparingly so in water. It gives no coloration vitl 
sodium diasobenzene-peulphonate in sodium carbonate solution, 
Found: C=56‘8j 11 = 7*2; N = 16‘5. 

(168-2) requires C=57-l; H = 7-2; N = 16-6 percent. 


2-Phenylglyoxaline-i-carioxylic Acid and its Dematim. 


2-Phenylglyoxaline-i-carboxyanilide is prepared by the action d 
boiling aniline on 2-phenylglyoxaline-4 ; 5-dicarboxylic acid in a 
yield amounting to 74 per cent, of the theoretical. As it is piao 
tically insoluble in boiling water, it is left behind after the steas 
distillation somewhat contaminated by resinous impurities, wtidi 
are readily removed by grinding and washing with ice-cold alcoU. 
It is sparingly soluble in alcohol or the other usual organic solveife, 
and separates from alcohol in minute, glistening needles, wlitl 
melt at 263° (corr.) and are anhydrous. It gives no coloiatioD 
with sodium diazobenzene-p-sulphonate in sodium cartonale 
solution. 


Found; 0 = 726; H.=5*3; N = 15-9. 

CijHisONj (263-2) requires 0 = 73-0; H=5-0; N = 16-0 per cent 
2-Phenylglyoxaline-i-carboxylic acid is obtained in good yeldlj 
the hydrolysis of the corresponding anilide, which, however, asm* 
more stable towards acid hydrolysis than the 2-a!kyl 
At 130° the reaction proceeds very slowly, but at j 

reaction is complete after eight to nine hours’ heating. « ’ ^ 
separates from boiling water, in which it is fairly readily so » 
fan-shaped clusters of minute needles containing one j 
molecules of water of crystallisation. After drying ^ 
melts and effervesces at 239° (corr .) . The acid gives an 
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red coloration with sodium diazabenzene-^ulphonate in sodium 
carbonate solution. 

Found, in air-dried makrial; Joss at 110°-12-7. 

IJHgO requires 12'6 per cent. 

In substance dried at 110° C=63-5j H = 4-5; N=14-8. 

(188'1) requires C-63-8; H=4-3; N=14-9 per cent. 
Ethyl %phenylglyoxalineA'mrhoxyhte crystallises from ethyl 
acetate in minute needles, which melt at 189° (corr.), sintering 
above 183°. It is readily soluble in alcohol or hot ethyl acetate, 
less readily so in cold ethyl acetate, and very sparingly so in water. 
It gives no coloration with sodium diazobenzene-p-sulphonate in 
sodium carbonate solution. 

Found, in air-dried substance: loss at 100°= 9‘5. 

Found, in dried substance: C = 66-5; H=5-7; N = 12‘9. 
C 13 H 12 O 2 N 2 (216*1) requires C- 66 * 6 ; H=5'6; N=13*0 per cent. 
Ethyl (xlyoxalineA-aceiaie. — This was prepared previously by 
the action of alcoholic hydrogen chloride on 4-cyaDomethyl- 
glyoxaline (T., 1911, 99, 681), and can also be obtained by the 
esterification of the corresponding acid or by the action of alcohol 
on the hydrochloride of glyoxaline'4-acetyl chloride. It gives a 
deep red colour when mixed with sodium diazobenzene-p-sulphonate 
in aqueous sodium carbonate. 

Glyoxaline-i-aceiyl chloride hydrochlorule can be prepared in a 
crystalline state by the method given below. The crude product 
contains less than the theoretical amount of chlorine, and we have 
been unable to devise a satisfactory method of purifying it. 

Five grams of phosphorous pentachloridfr and 6 c.c. of thionyl 
■chloride were heated on the water-bath to incipient ebullition 
(about 50°), and 4 grams of gIyoxaline-4-acetic acid hydrochloride 
were added, the mixture being well stirred. Evolution of hydrogen 
chloride took place, and the pasty mass quickly became crystalline, 
forming minute leaflets. When the reaction had ended, the mass 
was diluted with chloroform, filtered, washed with chloroform, and 
dried in a vacuum over sulphuric acid and sodium hydroxide. The 
dry, crystalline powder obtained in this way was pale pink and 
amounted to 4'4 grams, that is, 97*7 per cent, of the theoretical. 
The specimen with the highest chlorine content melted and decom- 
posed at 127° (corr.), the others at 125°. 

Found: C-.33-2; H- 3 * 5 ; 01-35*5, 35*1, 30 8 (in different, 
specimens) - 

C 5 H 50 N 2 C 1 ,HC 1 (181 -0) requires C-33-2; H=3*3; C! = 39*2 per 

cent. 
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Ethyl P-Glyoxaline-i-proficnate . — This was purified by cryjj^ 
lisation of the hydrogen oxalate from alcohol. The ester fomuii 
an oil, which gave an immediate blood-red colour with sodim 
diazobenzene-p-sulphonate in aqueous sodium carbonate. 

The hydrogen oxalate separates from alcohol in coloutl 
shimmering leaflets, which are anhydrous and melt at 160“ I 
after sintering from 155“ It is readily soluble in water or tot 
alcohol, but sparingly so in cold alcohol. 

Found: C=48-l;H = 6-0;N=ir8. 

(C8H]202N2)4(C3H20,)3 (9427) requires C = 48-4; H = 6'8; N=ns 
per cent. 


Ethyl a-hydroxy-P-glyoxaline-i-propionaie crystallises from Jjy 
chloroform in minute, colourless plates which melt at llfi—]]}; 
(oorr.), and are anhydrous. It is readily soluble iu water or 
alcohol, sparingly so in chloroform, and insoluble in ether. It gjvjj 
a cherry-red colour with sodium diazobenzene-p-sulphonate in 
aqueous sodium carbonate. 

Found: C = 52-3; H,=6'5. 

CgHjjOjNj (184-1) requires C=52-2; H = 6-6 per cent 


VVirLLOOHE CHnuroan Resiascu Labosaiosixs, 

London, E.C. 1. [Received, July 12(li, lois,] 


LXXXVIII , — The Free Energy of Dilution of Aquemi 
Sodium Chloride Solutions. 

By Arthur John Allmand and Wilfrid Gustav Polacl 

This work, which was commenced a few months prior to the oat- 
break of war, was undertaken with the view of investigating system- 
atically the relations existing between activity and concentration 
for the different molecular species present in aqueous solutions ol 
typical binary electrolytes, working between the limits of sataralei 
solutions and solutions of dilution only determined by dilEcnltis 
of measurement. G. N. Lewis, to whom we owe the introductian 
into thermodynamics of the term “activity" (^Zeltsch. jihijsiU. 
Ghem., 1907, 61, 129), has also provided a very convenient way ol 
expressing the deviations — true or apparent — from the laws o 
perfect solutions which are exhibited by the ions and by the moo 
cules of undissociated electrolyte, namely, by the use of the 
tude "activity coefficient.’’ The “activity coefficieiit “ 
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chemical speciw in any phase is the ratio activity/ concentration 
for that species in the given phase. In the case of electrolytes, 
activity can be measured by any of the related thermodynamic 
methods (that is, osmotic pressure, lowering of freezing point, 
electromotive force), whilst the concentration can be determined 
from conductivity methods, with or without the rather uncertain 
correction for viscosity. The extent to which the activity 
coefficient differs from unity and changes in magnitude with 
change of concentration is a measure of the abnormality of the 
thermodynamic behaviour of the chemical species in question under 
the experimental conditions. 

The same author (J. Amer. Chem. Soc., 1912, 34, 1631), in an 
important critical survey of the subject, (liscusses the then avail- 
able experimental data, including measurements of solubility pro- 
duct, depression of freezing point, and electromotive force. Assum- 
ing the validity of the conductivity method of arriving at con- 
centration values, the conclusion drawn is that, whilst in very 
dilute solutions concentrations and activities of ions are directly 
proportional, their activity coefficients fall off somewhat as the 
solutions become more concentrated. On the other hand, the 
activity coefficients of the undissociated molecules of electrolytes 
increase rapidly with increase of concentration. Specific effects for 
ions would appear to enter at concentrations higher than O lA. 
Later in his paper, he seriously disputes the basis of the Kohl- 
rausch method of arriving at the ionic and undissociated-raolecule- 
concentrations, believing it to be vitiated by changes in the mobility 
of ions with concentration, a view first put forward by Jahn 
{Zeitech. 'physihd. Chem., 1900, 33. 545). His final conclusion is 
that ionic activities and concentrations are proportional in dilute 
solutions up to O'lA, the activity coefficients therefore being unity^ 
throughout this region. 

These views have been much discussed during the last few years. 
The conclusion generally drawn (see, for example, Bates, J . Amer. 
Chem. Soc., 1915, 37, 1421) is that the conducUnce-viscosity ratio 
is a measure of concentration, leaving unexplained the undoubted 
discrepancies between activity and concentration even in dilute 
solutions, When the present measurements were undertaken, how- 
ever, the matter had still to be regarded as an open one. One 
point which it was hoped to elucidate was the magnitude of the 
specific effects, if any, in the variations of the activity coefficients 
of the ions with concentration. By making measurements with 
four different electrolytes, such as MA, MB, NA, and NB, and by 
comparing these with one another at concentrations at which the 
ionic concentrations in the solutions of the four different electro- 
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lytes, as determined by the conductance-iriscosity ratio, at, 
identical, it should be possible to test this point for the ieaa ip 
N‘, A', and B'. Hitherto, the assumption— a probable one-tas 
been made that the activities of the two ions are identical in any 
solution of a binary electrolyte where their concentrations, ej- 
cluding complex-formation and solvation, are necessarily the same ■ 

The electromotive force method of measurement was chosen 
Tolnian and Ferguson* (J. Amer. Ghem. Soc., 1912, 34 , 232) had 
already used it successfully for measurements of activity coefficient 
on dilute aqueous solutions of hydrochloric acid. It was intended 
to use as electrolytes the chlorides, bromides, iodides, hydroxides 
and sulphates of sodium, potassium, and lithium, and one of the 
authors had already found (T., 1914, 105 , 1941) the amalgam 
electrodes prepared according to the directions of G. N. Lewis and 
his co-workers {J. Amer. Ghem. Soc., 1910, 32 , 1459; 1912, 34, 
119) to function satisfactorily. 

The principle of the method is briefly as follows. If two cells 
are set up, 

(1) Electrode reversible I Solution of AB. I Electrode tevetaibit 
' to ion A. I Concentration Oy \ to ion B, 


(2) Electrode reversible Solution of AB. 

to ion A. Concentration C,. 


Electrode reveiaible 
to ion B. 


the electrode systems being identical, and the two combinations 
only difiering in the values of the concentrations C; and C, 
(Ci>Ci), the difference between the electromotive forces of the 
two cells (E) is a measure of the free energy of dilution of AB 
from the concentration Gy to the concentration Gy. If the ions 
are both uiiivalent, the free energy of dilution per gram-molecule 
is expressed by 

[a^liiniiiw.. _ RT In 


FE = Rrln 


K] 




where a represents activity and the sufflxes refer to fte two ala 
tions and to the undissociated molecules and the different ions. 
Making the assumption mentioned above that la], = [a]t for the 
same solution, we have 

>’£,' = 2/irte 

The measurements of electromotive force allow, therefore, the 
immediate calculatiou of activity ratios for the solutions conceiiie , 
and from these, using concentration data obtained from measure 

• Professor G. N. Lewis informed ns by letter that Profeesor Totosn 
no intention of continuing the work further. 
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sitir"’’ “■* “» 

l, Ih. p«ibi»ly .! , 4 , [" 

calculationa of concentration. 


Measurements with sodium chloride were completed before the 
end of 1914. It has been impossible to resume the work and the 
results are consequently published as they stand ’ 

Several papers dealing with the same or with closely related 
problems have been published in America in the interval. Such 
are those of Bates (loc. at.), Macirines and Parker (J. Amer. 
Chem. Soc., 1915, 37, 1445), Forbes and Anderegg (ibid 16761 
Earned (ibid., 2460; 1916, 38, 1986; 1918, 40, 1461), Ellis {ibj’ 
1916, 38, 787), Ferguson (.7. Physical Chem., 1916 20 326)’ 
Linhart (J. Amer. Chem. Soc., 1917, 39, 615, 2601), Noyes and 
Ellis (ibid., 2532), Pearce and Mortimer (ibid., 1918, 40, 509) 
and Eodebush (ibid., 1204). Some of these will be ’referred t<i 
later. 


Experimental. 

The sodium amalgam was prepared precisely as described by 
Lewis and Kraus (/oc. dt.), except that the mercury was distilled 
over more rapidly on to the sodium by enclosing the containing 
vessel in an asbestos oven, the mercury being heated to about 280° 
and the sodium to 130°. The mercury employed, both for making 
the amalgams, as also for the calomel electrodes, was purified by 
passing at least twice down the usual column of acid mercurous 
nitrate. The amalgam was indistinguishable from mercury in 
appearance, and remained so for more than four years. 

The amalgam electrode vessels were as designed by Lewis and 
Kraus. The calomel electrode vessels used were chiefly (see, how- 
ever, later) of the usual Ostwald type, the connecting tubes being 
made as short and as wide as practicable in order to diminish the 
resistance. The calomel, after being washed several times by 
shaking with a small quantity of the solution and a little mercury, 
was shaken with a larger quantity of the solution, the liquid with 
the calomel in suspension being drawn into the carefully cleaned 
and dried electrode vessels. From four to six electrodes were pre- 
pared for each concentration of sodium chloride solution for which 
the electromotive force was measured, and, after allowing time for 
their potentials to become constant (usually eighteen hours), they 
were compared against one another. Electrodes which agreed at 
18° were always found to agree at 25°. When several electrodes 
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had been obtained showing a maximum difierence between an 
pair of about 0-3 millivolt, one of them was chosen for the actual 
measurements (or one for the measurements at 18° and another 
for 25°), and generally compared again with the others after the 
measurements. 

In all, seven concentrations of sodium chloride were enrployej 
namely, 5-ilN (saturated at 18°),* 3N, N, 0’5N, O’liT, 0'02A'' 
and O'Olil^. The solutions were made up to volume at 18°. 
solutions of concentration 0'5N and above, the measurements can 
readily be carried out with considerable accuracy. The solution is 
contained in a glass tube 10 cm. long and 3’5 cm. in diameter 
suitably clamped in the thermostat, and into this tube dip the 
nozzles of the amalgam and calomel electrodes, also clamped to 
separate stands. The essential parts of the calomel electrode are 
also in the thermostat. While the mea^rement is being made 
amalgam drops very slowly from the nozzle of the electrode, and 
the electromotive force remains practically constant. 

With the more dilute solutions, however, several difficulties arisa 
The most serious of them is the decomposition of the amalgam on 
coming into contact with the solution. As pointed out by Lewis 
and Kraus, the decomposition takes place chiefly on small specks 
floating on the surface of the amalgam, and when the electrode 
has been in use for a minute or so, these are carried away. Never- 
theless, the amalgam which collects at the foot of the tube con- 
taining the solution continues to decompose, and there is always 
some visible decomposition at the nozzle of the electrode, even 
when the surface seems to be perfectly clean. This tends to 
make the potential of the electrode less negative in two ways, 
namely, (i) by increasing the sodion concentration in the liquid 
surrounding the nozzle of the electrode, and (ii) by decreasing the 
sodium concentration in the surface layers of the amalgam. The 
effect of (i) obviously increases rapidly with increasing dilution, 
not only because of the increase in the actual rate of decomposi- 
tion, but also because of the relatively larger effect produced on 
the concentration of the sodions. The consequence of (ii) is that 
the potential fluctuates, rising suddenly as each drop of amalgam 
becomes detached, exposing a fresh surface. To counteract this, 
it is necessary to allow the amalgam to flow more rapidly from the 
electrode, and this means still more decomposition in the liquid 
In consequence of these facts, it was found necessary for the 
measurements with dilute solutions to use an apparatus of the 
type shown In Fig. 1, in which the product of decomposition is 

♦ This solution was actually made up to saturation, and its concentration 
calculated from the available data, not experimentally determined. 



nlLTTTION OP AQtTBOnS SODllTM OHLORIDE SOLUTIOKS. 102S 


prevented from accumulating round the electrode. lu ite first 
form, solution flowed from a large dropping funnel into the tube 
T, and up through the siphon tube S, The amalgam dropping 
from the electrode N collected at d, the alkali formed by the 
decomposition being thus carried away from the electrode, which 
was always surrounded by fresh solution. Hydrogen produced at 
.4 collected at 3. 0 is the calomel electrode described below. 


Fio. I. 



Later the apparatus was modified so that the solution did not 
flow directly into the tube T, but passed first through a close- 
wound spiral of thin-walled tubing immersed in the thermoetat 
and sealed into the tube T at D. With the O OlA'-solution the 
flow o£ electrolyte at the moment of measurement must be fairly 
rapid, and this precaution becomes essential to ensure that the 
temperature of the solution is accurately that of the thermoetat. 

Another difficulty which arises with the more dilute solutions w 
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the comparatively high resistance of the ordinary type of calomel 
electrode. For tie O’Ollf-meaaurementB, the form shown in Jig j 
was employed. G is the electrode vessel proper, contact Imiag 
made with the mercury by means of a platinum wire sealed into 
the end of a narrow glass tube, 6. When the electrode was not 
actually in use, the mouth of the tube C was closed by a cork, a 
little of the liquid being removed by a pipette, care being taken 
not to disturb tbe calomel at the foot of the tube. These elec- 
trodes had a much lower resistance than the others, but were lea 
trustworthy. Several were made up for preliminary tests, and in 
one or two instances considerable variations occurred, probably due 
to mechanical disturbances. With suitable precautions, however, 
they proved satisfactory enough. 

In the present investigation, it appeared that the limit of dilu. 
tion was reached at 0-01 U, owing to the decomposition of tie 
amalgam. Much greater disturbances occurred between individual 
readings than in any of the other cases. The electromotive force 
tended to increase with increasing rate of flow of the electrolyte,* 
even until the latter reached the maximum possible with the 
apparatus used, so that the effect of decomposition was apparently 
never quite eliminated. The figures given for this dilution are 
therefore less trustworthy than any of the others. One would 
expect these to be, if anything, too low. The values obtained ly 
extrapolation would also appear to indicate this. They are prob- 
ably more trustworthy than the experimental values, and are used 
instead of these in subsequent calculations. 

The electromotive forces were measured with a Clark-Fishet 
potentiometer and cadmium cell, both of which had been tested 
at the National Physical Laboratory. The potentiometer could be 
read to 0-0001 volt as long as the resistance in the circuit was not 
excessively high. Potentiometer, galvanometer, cells, etc., and also 
the stands to which the electrodes were clamped, were all care- 
fully insulated on glass. 

In all, three different amalgams were prepared, each being am 
tained in a pair of electrodes. In each measurement several read- 
ings were taken with each electrode with various rates of flow of 
the amalgam, and, where the special apparatus was used (Oln 
and more dilute solutions), with various rates of flow of electro- 
lyte. The difference between the values obtained for the two 
electrodes was in every case lees than the possible experimental 
errors due to other sources. Tbe figures given represent in eacb 

* Incidentally this shows that tbe flowing electrolyte had reached the 
temperature of the bath, as the electromotive force inereaeee^with ri» ol 
tempscatore. 
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case fcho “f tlie various individual readings with the two 
electrodes (in some cases of two or more complete sets of such 
readings), together with the masimum error likely to he involved, 
taking into account the variations in the individual readings in 
the c^omel electrodes themselves, etc. 

The three pairs of electrodes contained amalgams with the follow- 
ing respective percentages of sodium: 

(a) 0-2234; (6) 0 1657; (c) 0-1389. 

These values were determined by weighing out small quantities of 
the amalgam, acidifying, and, on completion of the decomposition, 
estimating the excess of acid by titration. 

The electrodes (a) contained only a small quantity of amalgam, 
and were only used tor two dilutions, namely, O'LV and 0-02A". 
As the measurements were carried out with stationary electrolyte 
and not with the special apparatus, there was a fair amount of 
decomposition. The values must therefore' be regarded as more 
or less preliminary. Nevertheless, there is gotxl agreement between 
the values for the difference of electromotive force at O-l.V and 
0-02xV furnished by the two pairs of electrodes (a) and (5), the 
special apparatus being used in the case of (!<). 

Tables I and II give the actually measured electromotive forces 
in volte at 18’’ and 25“ tor the three amalgams (a), (5), and (c). 


Table I. 


18». 


Conoeatration, 

(ol 

(61 

(C) 

5-41N 

. — . 

— 

2-0281 ±0-0002 

2y 

. — 

— 

2-0770±0'0001 

\N 

. — 

■ 2-M66i0-0002 

2-1398±0-0002 

O-SN 

^,7 

2-I792±0-0003 

— 



. 2-2635-h0-0l)10 

2-2534 ±0-0004 

— 

0-02?? 

. 2-3384±0-00l0 

2-3274±0-0005 

— 

O-OIJ? 

— 

— 

2-350 ±0-002 


Table II. 
25®. 


CoDcentratioii. 



SN 

(») 

(61 

(cl 

2-0283 ±00001 
2-0784±0-0001 

IN 


2-1469±0-0002 

2-1430±0-0002 

0-&N 

0-lJV 

0-02^7 

o-om 

. 2-271»±0-0010 
. 2-345l)±0'<'*W 

2-1838±0-0003 

2-2696±0-0003 

2-3336±0-0010 

2-368 ±0-002 


Aa.iiming that the difference in potential between amalgams 
(4) and (c) as deduced from (he readings with A’-solutions is 0-0068 
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volt at 18° and 0 0069 volt at 26°, the values which the electro, 
motive forces would have for amalgam (c) and 0'5Jlf-, O liF., 
002^-solutions can be calculated. They are contained ij 
table in and are plotted in Fig. 2. In view of what has already 
been said (see p. 1026), the figures for O OlfF-solutions given in tie 
table are not the experimental values, but those extrapolated from 
the curve. 

Fio. 2. 



Table 111. 



G in mols. 

G in mols. 

NaCl per 

NaCI per 

1000 grams 

litre. 

of water. 

6-41 

6-12 

3-0 

3106 

I-O 

1022 

0-5 

0-6034 

01 

0-1003 

0-02 

0-02003 

0-01 

OOlOOl 


B.M.F. for oombmation 
Bfl I aqueous 


Naa [ 0-1389 per oont. 
sodium smaigam. 

18-. 26-. 

s (defined by 

Volte. 

Volte. 

C=6i,[l+(t-18)«]] 

2-0281 

2-0283* 

141x10-' 

2-0770 

2-0784 

963 

2-1398 

2-1430 

2140 

2-1724 

2-1769 

2960 

2-2466 

2-2627 

3680 

2-3206 

2-3267 

3760 

2-3620 

2-3686 

3960 

(±0-0006) 

(±00006) 



Free and Total Energy Changes of Cell Reaction. 

Taking the Faraday as 96,540 coulombs, the decreases m fw 
and total energy of the system per gram-equivalent transfer 
can be calculated for the cell reaction 
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iNa (in fo<™ nf 0'1389 per cent, amalgam) + HgjClj 

2Hg + 2NaCl (in aqueous solution) 
from the figures in table III. The results are contained in 
table IV. 

Tabw IV. 


Free energy decrease at 


C ih mols. 

^ * 

X 

Total energy 

NaCI per 1000 


25“. 

decrease at 18“. 

nrrarns of water. 

Joules. 

Joules. 

Joules. 

6-12 

195795 

195815 

195000 

3-196 

200520 

200660 

195030 

1-022 

205675 

206865 

193690 

0-6034 

209725 

210160 

191600 

0-1003 

216885 

217475 

192360 

0-02003 

224030 

224620 

199600 

0-01001 

227060 

227695 

200790 


The figures indicate that the decrease of total energy, or heat 
effect of the reaction, at first falls off as the electrolyte becomes 
more dilute, and then commences to increase. The results are 
plotted in Fig. 3, and it will be seen that the curve has a minimum 
at about 0'25 — 0'3 molecule of sodium chloride per 1000 grams of 
rater. Too much stress, however, is not laid on this result, or on 
;ertain other calculations of heat effects recorded subsequently in 
his paper. The range of temperature over which measurements 
vere made is small, and the calculations are correspondingly 
iffeoted, whilst tor the more dilute solutions the possible errors in 
he measurements must be seriously taken into account. 


Sodium Chloride CmcentraUion Cells without Tmiisjerenee. 

By subtracting the values of electromotive force given in table 
111 from the corresponding values for the O'liF-solution, figures are 
obtained for the electromotive forces of sodium chloride concentra- 
tion cells “without transference, ’ one of the two solutions in every 
case being O'lV (p. 1022). These values are contained in 
table V. 

Table V. 


C in mols. NaCl per 

E.MJ'. at 


1000 grams of water. 

. iV. 

2.5“. 

a (defined by «(. 

cv 

Or 

Volts. 

Volte. 


6-12 

0-1003 

0-2185 

0-2244 

386X10-^ 

3196 


0-1696 

0-1743 

396 

1-022 


0-1068 

0-1097 

388 

0-5034 


0-0742 

0-0768 

308 

0-02003 


-04)740 

-0-0740 

0 

O-OfOOl 

»» 

-0-1064 

-0-1058 

54 
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We can compare these figures with those obtained by other h 
vestigatora for similar cells. Thus, whilst for ^ 

concentrations) sodium chloride gives a figure of O’ 1058 volt at 
25°, other experimenters have obtained the following figmej 
hydrochloric acid and for potassium and lithium chlorides; 


Fio. 3. 



Log. mols. NaCi per 1000 grame qJ wakr. 


Table VI. 

Electrolyte. Volt. Observer. 

HCl 0*114 Noyes and Ellis {loc. cit.) 

KCl 0*1089 Macinnes and Parker (^oc. cti.) 

laCl 0*10433 Pearce and Mortimer (loc. cif.) 

By a comparison of the figures for such cells with those given by 
the corresponding cells with transference, the transport nuinber 
of the electrolyte can be calculated. The eleotromotive force tJ* 

the cell without transference (p. 10i!2) is Cj = 2^ 

of the cell with transference is = In where N is ti' 
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cation transport number if electrodes reversible to the anion are 
employed. Consequently, 


K, = 

e^ 

Measurements of sodium chloride concentration cells with trans- 
ference were carried out at 18“ by Jahn (Zeitich. physikal. Chem. 
1902, 41 , 298), using calomel electrodes and dilute solutions of 
electrolyte. Table VII contains figures taken from his paper 
together with corresponding values drawn from table V or Fig. 2.’ 
In the last column are the calculated transport numbers for the 
sodium ion. 


Table VII. 

m mola. in mols. 

per litre. per litre. e,. 

0-02 0 01 0 0314 

0-04 0 02 0-0317 

0-06 0-03 0 0318 


fi- 

0-01293 

0-01268 

0-01266 


N,. 

0-412 

0-400 

0-394 


Experimental determinations gave the following results (Abegg 
Handbuch,” II, i, 231): 


c. 


Nc 

3— BN. 

10« 

0-362 

0-7N. 

16 

0-366 

0-006N. 

10 

0-379 

l/30-I/150iV. 

0 

0-387 

1/8— 1/14N. 

18 

0-396 

1/8-1/160N. 

30 

0-404 


Obeerver. 

Bittorf. 

» 

John -Schulz. 


In a way exactly similar to that by which the figures in table V 
were obtained from the data of table III, we can calculate from 
table IV values for the decrease in total energy (heat content) 
and free energy associated with the transfer of one molecule of 
sodium chloride from any concentration given in the table to a 
0‘1 molar normal solution. Table VIII contains the results. 


Table VIII. 


C in mols. NaCl per 
1000 grams of water. 

Free raeigy decrease* in 
Joules at 

Total energy 
decrease in jomea at 




Oj. 0,. 

18®. 

26®. 

18®. 

6-12 0 1003 

21090 

21660 

-2640 

3-196 

18366 

16826 

-2670 

1-022 

10310 

10690 

-1330 

0-6034 

7160 

7316 

+760 

0-02003 

-7145 

-7145 

-7145 

0-01001 

-10175 

-10220 

-8430 

In table IX, the r 

esults in the last column 

of table VIII are 


expressed as the total energy decrease attending the transfer of 
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one molecule of sodium chloride from a concentration of 6 12 uji 
cules per 1000 grams of water to other concentrations given in 
first column. 


Table IX. 

Heat effect at 18^. 


G m mola. NaCl per 

^ 


1000 gramf of water. 

Joules. 

Calories. 

6- 12 

— 

— 

3196 

+30 

+7 

1022 

-1310 

-313 

0>£034 

-3400 

-812 

0*1003 

-2640 

-630 

0*02003 

+ 4606 

-1-1076 

0*01001 

+ 6790 

-fl382 


The curve representing the variation of the heat effects of 
tables VIII and IX with concentration of electrolyte will oj 
course, be exactly similar in form to that in Fig. 3, The aagni. 
tude of the possible errors involved must again be emphasised 
This point is also brought out by the last column in table V, It 
is improbable that the value of o, after approximating to tie 
"ideal” figure of 366'5xl0"® in concentrated solutions, should 
fall and fluctuate in the dilute solutions, as the experimental 
figures appear to indicate. 

The free energies of dilution of sodium chloride at 25“ (toni 
saturated solution to TO.V and from to O'liV have been 
calculated by Rodebush (Joe. cit.) from freezing-point measure 
ments to be respectively 2477 and 2464 calories. 

Our value for -AFjjg from TOilf to O'liT can be obtained Iran 
column four of table VIII, and is 10590/4’189 = 2528 cals,, a rather 
higher figure. A saturated solution of sodium chloride at 25° is 
5-43iT, and contains 6'14 molecules per 1000 grams of water (as 
against 5'41A and 6T2 molecules per 1000 grams at 18°). live 
extrapolate to this concentration on Fig. 2, we obtain the value 
2'0279 for the electromotive force in volts of the experimental cell 
at 25°. From this figure and that for the cell with saturated solu- 
tion at 18°, we calculate for the reaction 
2Na (in form of 0 1389 per cent, amalgam) HgjCl^ — > 

2Hg-t2NaCl (solid) 

that -AFjgg is 195,775 joules and -AH 29 , is 196,585 joules, iu 
both cases for the trarisforrnatiou of 1 gram-equivalent. From 
this value of -AFj,, and from — AFj^, for a 1-OA-solution (table 
IV, column three), we calculate that — AFjsg from saturated solution 
to I'OA is 11,110/4-189 = 2652 calories, a much higher figure than 
that of Rodebush. 

The difference of the above value of — AHjbi for the reac® 
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involving thn production of solid sodium chloride and that of 
_iHa„ for the reaction involving the production of saturated 
sodium chloride solution (see table IV) furnishes us with the heat 
of solution of one molecule of sodium chloride in a saturated solu 
tion at 18°. This value comes to 195,00().-196,o8.-) joules or -378 
calories. There are no experimental detenninatioiis with which 
this figure can be directly compared. Using the van't Hoff iso- 
chore, and taking the solubility of sodium chloride as 35 '79 grams 
and 35-92 grams per 100 grams of water at 18° and 25° re- 
spectively, we calculate the heat of solution as -89-5 calories a 
far smaller value, the assumption of the validity of the gas laws, 
however, involved in this equation is certainly not justified, and 
we believe our value to be nearer the truth. 

If we compare the values deduced from our curve for heats of 
solution in given quantities of water and for heats of dilution with 
experimental values, the concordance is only moderate. For the 
heat of solution of one molecule of sodium chloride in 9 2 molecules 
of water, Staokelberg (Landolt-Bornsteiii, “Tabellen,” 4th edition, 
p. 875) found -410 calories; for the same in 10 molecules of water’ 
van Deventer and van de Staat {Zeilsch. phyM. Chew.., 1892^ 
9, 5.5) found -475 Calories. We deduce, respectively, -371 and 
-373 calories. For the heat of solution of one gram-molecule of 
sodium chloride in 100 gram-molecules of water, Thomsen 
(Landolt-Bornstein, “Tabellen,” 4th edition, p. 875), Stackelberg 
[Zeitsch. phydkal. Chem., 1898, ‘26, 545), and van Deventer and 
van de Staat found, respectively, -1180 calories, -1030 calories, 
and -1130 calories. Our value is -1110 calories. When, how- 
ever, we compare the different values for heats of dilution over 
cpucentration limits included in this range, the discrepancies are 
large. We get much smaller heat effects for dilution up to con- 
centrations of one molecule of sodium chloqde to 20 molecules of 
water, and much larger for dilutions between INaChSOHaO and 
lNaCl:100H2O. Thus van Deventer and van de Staat found the 
molar heat of dilution from INaCI : lOH^O to INaCl : 20HjO to be 

— 247 calories, whereas our figure is —17 calories. Similarly, their 
value for dilution from INaCh.bOH^O to INaCUlOOH^O is 

— 128 calories per mol. NaCl. Our value is —463 calories. 


The Beactim 2Na-i-HgjCh — > 2NaCl-f'2Hg. 

Lewis and Kraus (loc. cit.) found that 0‘2062 per cent, amalgam 
at 25° is 0-8456 volt positive to metallic sodium, whilst the 
temperaturocoefBcient of the electromotive force of the combina- 
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tion is — 0'0000408 volt/degree. It follows that the aDialgaii, ' 
0-8459 Tolt positive to sodium at 18°. ” 

The measurements in tables I and II show that our anial 
(c) is 0-0068 volt positive to (6) at 18°, and that (i) is O OllO^* 
positive to (a). At 25°, the potential differences are 0-0069 aid 
0-0114 volt respectively. Plotting these figures and interpolati 
to find the relative potentials of the 0-2062 per cent, amalgam^ 
these two temperatures, we obtain the result that it is negative to 
the amalgam (c) (0-1389 per cent.) by 0-01465 volt at 18“ juj 
0'0149S volt at 25°. Combining these values -with the figures of 
Lewis and Kraus, it follows that amalgam (c) is positive to sodimj 
by 0'86055 volt at both 18° and 25°. From the electromotir” 
forces of the cells, amalgam (c)| saturated NaCliHgjCljjHg, experf. 
mentally determined for 18° and extrapolated for 25°, we calm 
late for the cell 

Na I saturated NaCl | HgkClj | Hg 

that 

e 2 »i= 2-88865 volts,, 

*ai8=2'88845 „ 

and for the cell reaction 

2Na + Hg 2 Cl 2 -J- 2NaCl (solid7+2Hg 

that ' 

-4F29i = 66,573 calories 

-“^Fggg— 66,569 ,, 

— = 66,740 ,, 

per gram-equivalent transformed. The “calorimetric” value of 
- AHjji is obtained by subtracting the accepted heat of foimatiou 
of JHgjClj (Varet) from the heat of formation of NaCl (Thomseu), 
that is, 31,315 from 97,700, leading to a figure of 66,386 cals. 

Free Fnergtj in Sol^ion of One Molecule of Sodium Chloride. 

By adding to the above values of — AF for the reaction 
2Na + Hg 2 Cl 2 2NaCl + 2Hg 
the values of -AF for the reaction 

2Hg + Cl 3 (one atmosphere) — > HgjClj, 
that is, 25,255 and 25,125 cals, per gram-equivalent at 18° and 
25° respectively (Ellis, foe.- dt., p. 757), we arrive at once at values 
for the difference in free energy between sodium and chlonne on 
the one hand and solid sodium chloride on the other, namely, for 
the reaction 

Na-t-IClj (one atmosphere) — NaCl (solid). 

- AF 29 , = 91,828 calories, 

-AF298 = 91,694 
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As a check on these values, we can calculate -ATT Tt,. 
found is 97,400 cals, whilst the calorimetric value aTready referr^ 
to above is 97,700 cals. ^ 

We are now in a position to state the values of the free energy 
of one molecule of sodium ehlonde at different dilutions in aqueous 
solution, taking the free energies of the two elements con^rned 
sodium and chlorine, as zero. The figures are contained in table x’ 
and are obteined by combining the above values for the free energy’ 
of solid sodium ehlonde with the figures in table VIIT and the 
value deduced on p. l032 for -aF^ from saturated to li^ium 
chloride. Sinular figures for the total energy of a molecule of 
sodium ehlonde could also be calculated, but the data are not 
regarded as sufficiently trustworthy. 


Table X. 


C in mols. 

^ree energy of 1 mol. of NaO 
calories at 

per litre 

18“. 

25®. 

(saturated). 

-91828 

-91694 

3*0 

-92956 

-92868 

10 

-94401 

-94346 

0-5 

-95164 

-95128 

O'l 

-96863 

-96874 

0-02 

-98568 

-98680 

0-01 

-99292 

-99314 


Activities of Ions and V ndmodattd Molecules. 

From the data contained in table V, activity ratios can be calcu- 
lated by the method given on p. 1022. This has been done, and 
the results are contained in table XI. 


Table XI. 


Activity of 
Na+ 


C in mols. 
per 1000 
grams of 
water. 
612 
3-196 
1-022 
0-5034 
[0-1003 
0-02003 
0-01001 


(aasuming Thermo- 
A _A- -A w + value in dynamic 
A ctivity NaCT, Activity Na, 0-1003 solu- degree of 
Activity NaCl,,.,^,,' Activity Navioo.-. ' ticn is 0-073 dissocia- 

I. lit. Hrvn 






, 

at 25-}. 

non. 

18°. 

25®. 

18®, 

25®. 

125°. 

26°. 

6096-0 

6249°0 

781 

7905 

6-771 

0-94 

867-0 

874-4 

29-44 

29-57 

2-169 

0-67 

70-8 

71-7 

8-414 

8-468 

0-913 

0-60 

19-29 

1915 

4-392 

4-376 

0-319 

063 

1-0 

10 

1-0 

10 

0-073 

0-73] 

0-0522 

0 0560 

0-229 

0-237 

0-0173 

0-86 

0-0149 

0°0162 

0-122 

0-127 

0-0093 

0-93 


From the ratios in columns two to five, and assuming with 
Warned {J : Amer. Chem. Soc., 1918, 40, 1461) that the most 
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likely value for the ionic activity of such an electrolyte as saJijjj 
chloride in O'liY-solution is 0 073, the values in columns six aj,) 
seven are calculated. The term “thermodynamic degree of 
sociation “ to denote the ratio of ionic activity to total concentra- 
tion seems preferable to “activity coefficient, as used by E[]jj 
(foe. c»t.)- The latter term should be retained for expressing tie 
ratio activity/concentration fw the same molecular species, accord- 
ing to the nomenclature introduced by Lewis. 

This table shows that the thermodynamic degree of dissociation 
first falls off as the concentration of the dissrdved sodium dilorid, 
increases from O'OliV, passes through a minimum value at about 
l.y, and then increases to the high figure of 0-94 at the saturation 
pc^t. This behaviour is shared qualitatively hy aqueous hydrogen 
chloride and potassium chloride solutions. The former slon i 
marked minimum for the value of the thermodynamic degree of 
dissociation at about O'fiiV (Ellis, loc, |*L), whilst for potassimi 
chloride solutions the lowest value lies at about (Harned, 
Amer. Chem. Soe., 1916, 38 , 1986). 

Lithium chloride solutions have not yet been investigated ovei 
a sufficient range to discover a minimum, supposing one to exist. 

Our values for this function can be compared with tins 
obtaied by Harned (J. Amer. Chem. Soc., 1918, 40, 1461) iron 
measurements of sodium chloride concentration cells with ta 
ferenee. His figures are given in table XII, and the agreemeo 
with ours is seen to be good. 


Table XII. 


G of NaCl in 
mols. per litre. 
30 
20 
10 
0'6 
0-3 
[0-1 


Activity. Thermodynamic 
2'=25°. degree of dissociatioa. 
2-261 0-764 

1-397 0-698 

0-628 0-628 

0-312 0-624 

0-192 0-64 

0-073 0-731 


The value of 0'0093 for the activity of the sodium ion m 
O-OliV-solution, obtained on the assumption that the activity® 
O-liV-solution is O’OTS, is identical with that assumed by bin » ^ 
(J. Amer. Chem. Soe., 1917, 39 , 2601) for the activity of to 
potassium and hydrogen ions in O'OlA'-solutions. His .j 

leads to ionic activities for these ions in ° 

and 0-082 respectively, figures considerably higher than 
spending one for the sodium ion. If, however, we cacu 
J^vity of the lithium ion in 0 -li 7 -sotution from the results «> 
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Pearce and Mortimer (loc. ««.), assumine that tl,. ■ 

Hlll^-solution is 0-0093, arrive at a figure of O OTO ' “ 

Owing to the present lack of suitable viscosity data t , * 
he existing conductiv.ty measurements, no attempt can bfiad^ 

l:;:.; -xt ^ « "tiLrix if rx""- 

dilute solutions, n/c for the ions at fimt decreases, pLsesttrlgh 
. mm.mum, and then mcreases, whilst ajc for the nndissocTatfd 
nolecu es rncreas^ throughout, and reaches very high va“e*^n 
x.ncentrated solutmns Sodium chloride rn this respL acts In I 
limilar way to other electrolytes. > m a 

I The diSerent pointe of vew from which the anomalies of strong 
^^trolyte can a present most fruitfully be discussed are dealt 

Barned and others, already referred to, and there is no need to 
Idd anything here, particularly as there are still many gaps in 
ibsolutely necessary data unfilled. & r 

Molecular Conation of Sodium in Sodium Amdynmt. 

Our experiments furnish an interesting confirmation of the 
vork of Ramsay (T., 1889, 55 , 533) and of Cady {J . nyeical 
,hem., 1898, 2, 551), who found by vapour pressure and electro 
netric experiments, respectively, that sodium, dissolved in mercury 
t concentrations varying from O'OS to 0-66 per cent., behaved 
s if it were giving an abnormally large number of osmotically 
etive particles, that is, as if simple atoms were dissociated into 
amething simpler. From table II, it will be seen that the electro- 
lotive forces between amalgams (a) and (6), if measured in a 
idium chloride solution at 35®, would amount to 0-0114 volt, and 
etween (5) and (c) to 0-0069 volt. Substituting these values and 
lose for the concentrations of the amalgams in the equation 

„ 2-303 BT 1 , c, 

e = - -.log A 

here x represents the association factor of the metal atoms dis- 
’Ived in the mercury, we find for the combination amalgam (o)- 
nalgam (6) that x is 0 68, and for the combination amalgam (i)- 
ualgam (c) that x is 0-65. These values for x correspond with 
'parent molecular weights of 15-6 and 15-0 respectively. 

VOL. OXV. Q Q 
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working at high temperatures, found that the apparent molecji 
weight decreased as the concentration of sodium increased j*' 
concentrations closely corresponding with ours, values of about p 
were obtained. Cady, working at 19 — 20°, and measutij 
amalgam concentration cells, using pyridine solutions as elect ^ 
lytes, obtained figures from 11'3 to 16-3, again decreasing 
increasing concentration of amalgam. 

At first sight, it would seem possible that sodium atoms dis- 
solved in mercury are dissociated into sodium ions and free electroaj 
(the latter surrounded by a condensed atmosphere of mercun 
molecules), and that the electrical conductivity of sodium amalgan. 
is partly electrolytic in nature. Such a state of affairs would le 
analogous to that shown by Kraus (J. Amer. Chem. Soc., 1908 39 
1323) to exist in solutions of sodium in liquid ammonia. Skaupy 
(Zeitsch. physikal. Chem., 1907, 58, 560), indeed, has tried to proii 
that the supposed equilibrium 

metal — metal ion + electron 


in dilute amalgams obeys the Ostwald dilution law. The experi- 
ments of Lewis, Adams, and Lanman {J, Amer. Chem. Soc. 1515 , 
37, 2656) are, however, completely against this assumption. Tie! 
showed that, when a current passes through a sodium araalgaii 
solution, the sodium concentrates at the positive pole. Theit inj- 
gested explanation is rendered less probable by subsequent vert 
exact experiments by Hine (ibid., 1917, 39, 882) on the eoa- 
ductivity of dilute alkali metal amalgams, but it is at all eveiu 
clear that the dissolved sodium is not associated with a surpli- 
positive electric charge. 

The true explanation of the apparent low molecular weights ii 


in all probability the formation of compounds between the sodim 
and the mercury. The importance of taking this into account vii 
first pointed out by Haber (Zeitsch. physikal. Chem., 1902, 41. 
399). Sodium and mercury can combine to form the well-deCid 
compound NaHgg. Abegg (“ Handbuch,'^ II, i, 679) has shorn 
that it is a likely assumption that the concentration of free memory 
in the amalgams is thereby lowered to a sufficient extent to explain 
Ramsay’s (and also the electrometric) results. Cady (loc. nt) has 
further demonstrated that the abnormalities in the electromeliit 


results disappear if the heat of dilution of the amalgams is taken 
into account. Actually measuring this for sodium amalgan 
between certain concentrations, he obtained very exact agreemect 
Low apparent molecular weights are associated with abnorma y 
high electromotive forces for concentration cells, with P®” 
heat«of dilution, and with the formation of exothermic compel" 



DIlimON OF AQUEOUS SODTOM CHLORIDE SOLDTIOKS. 103ft 

Those interested are referred to papers by Richards and Garrod 
Thomas (ZaUch. phyM. Chtm., 1910, 72, 165) and by Hilde- 
brand (J. Amer. Chew.. Soe., 1913, 35, 601), where the situation 
is clearly set out. 

The temperaturocoefficiente of our own cells were measured over 
too small a range to allow of the calculation from them of the 
heats of dilution of the sodium amalgams used, 

Summary. 

(1) Measurements of cells of the typo 

HglHgjCle aqueous NaCl solutions|sodium amalgam 
have been carried out at 18“ and 25“ for concentrations of sodium 
chloride ranging between O'OliV and saturated solution. 

(2) From these have been calculated the free and total energies 
of dilution of sodium chloride between the concentration limits 
referred- to. 

(3) The transport number of the sodium ion in different dilute 
sodium chloride solutions has been calculated. 

(4) The molecular heat of solution of sodium chloride in 
saturated solution at 18® has been calculated. 

(5) The changes in free and total energies of the reactions 

2Na + Hg 2 Cl 2NaCl (solid) + 2Hg, 

2Na + Ci 2 (1 atmosphere) 2NaCi (solid), 
have been calculated. 

(6) The free energies of one molecule of sodium chloride in 
aqueous solution at various concentrations at 18® and 25®, referred 
to the free energies of the elements sodium and chlorine as zero, 
have been calculated. 

(?) The “thermodynamic degrees of dissocialiou ” of sodium 
chloride in aqueous solution at different concentrations at 25® have 
been calculated, together with the corresponding activities of the 
sodium ion. 

(8) Confirmation has been obtained of previous work on the 
molecular condition of sodium in sodium amalgams. 

McsrKATT LiBOBATOBY, 

Cnivkbsity op LiVEBpoor~ 

[A«C€tv6d, Mo/jj Sht, 1019,] 


Q Q 2 



1040 


cofmak; the active sttbstance 


LXXXIX.— TAe Active Substance in the lodination of 
Phenols. 

By Victor Cofman. 

Numerous methods are known for the preparation of iodophenola, 
and the entrance of iodine in the molecule has been accounted lor 
in various ways. The object of this communication, is to prove 
that hypoiodous acid is solely responsible for the iodinatiou in a 
number of processes investigated, and to show that the presence 
of the above-mentioned substance as an intermediate compomid 
satisfactorily explains the formation of iodophenols by the various 
known methods. 

That hypoiodous acid has the property of reacting with phenols, 
producing iodo-substituted compounds, is no new diBcovetj, 
Selivanov (Ber., 1894, 27, 1012) pointed out that the iodinatiou 
of phenol by means of nitrogen iodide is due to the hydrolysis oi 
the latter compound and the consequent production of hypoiodoni 
acid; various other authors (Bray, ZeiUch. physilsd. Ohm., 1306, 
54 , 563; Cohn and Schultz, Ber., 1905, 38 , 3294; Gardner and 
Hixigson, T., 1909, 96 , 1822) have suggested that the same com- 
pound may be responsible for the formation of iodophenols hy the 
‘‘iodine and alkali” methods, but no definite proofs have been 
adduced in support of this view, nor has it yet been attempted to 
ascribe the production of iodophenols in all the known instances 
to the presence of one and the same substance in the vanous react- 
inff mixtures. 

The earliest mention of any iodophenol is that made by Pirn 
(Comyt. rend., 1843, 18 , 187), but the merit of a first invodiga- 
tion of this class of compounds rests with Lautemann (iMoitfl, 
1861 120 299), who prepared several iodophenols and lodo- 

salicylic acids. From his method of preparation, Lautemanu 
inferred that, on heating iodine with salicylic acid, a direct buV 
stitution Ukes place, although he could not explain what happened 

to the displaced hydrogen. 

Later, Kekule (Annalen, 1864, 131 , 221) showed 
pounds obtained by Lauteraann’s process were formed only h 
the mixture of iodine and salicylic acid waa 
He prepared the same compounds by the action o i i 
acid on salicylic acid, and explained their formation thus. 

(i) CjHA + 12 + KOH = CjEjOjI -I- KI -I- HjO . 
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Kekule'a opinion was that iodine has the property of displacing 
the hydrogen atoms of certain organic compounds in the presence 
of a third substance capable of oxidising, or removing in some 
other fashion, the hydriodic acid formed during the reaction This 
explanation has since been put forward to account for the form- 
ation of iodophenols by other methods, namely, (i) the " iodine and 
mercuric oxide” method {Btr., 1872, 5, 380); (ii) the "iodine and 
sodium phosphate method (/. Vharm, Ohim.^ 1902, [vi], 15 217)* 
(iii) the iodine monochloride method {ibid.). ’ 

Accordin/to this view, in every one of the above cases, the first 
part of the reaction is HR + I^=IR + hI (where R = phenolic 
radicle), and the second part consists in the removal of the hydriodic 
acid thus formed by the third substance present. 

The production of iodo-snbstituted compounds by means of iodine 
monochloride was originally given a similarly simple interpret- 
ation (Brown, Phil. Ua.g., 1854, [iv], 8, 201) ; 

HR + ICUIR + HCl. 

A more complicated equation was put forward by Dagener {J. 
pr. Chem., 1879, [ii], 20, 324) as representing the course of the 
reaction in his hypochlorite method of obtaining tri-iodoresorcinol : 

6CaOClj+ 12KI + 12HC1 + 2C8H^(OH)2= 

6CaCl2+ 6HI + 12KC1 + 2C8Hl3(OH)2 -l- BHjO, 

whilst in the “dry ” reactions of Birnbaum (Ber., 1882, 15, 459) 
and Schall {Ber., 1883, 16, 1897), the authors assume that the 
hydrogen atom displaced by the iodine wanders in one case to the 
carboxyl, and in the other to the hydroxyl group, thus ; 

OH-CeH^-COjH -t l2= OH-CsHsI-COjH + Agl 
and 

CeHs'ONa -t R = CeHs’OT | Nal , 

CgH^-OI CjIRI-OH. 

Finally, Willgerodt {J. pr. Chem., 1888, [ii], 37, 446) supplied 
for his method the equation 

CsHj-OH + Nl3= CsEjIs-OH + NH3. 

Experimental. 

The opinion that the formation of iodophenol? must be due to 
the presence of hypoiodous acid suggested itself to the present 
author during the preparation of di-iodosalicylic acid by the action 
of iodine monochloride on salicylic acid. It was observed, on the 
one hand, that the reaction did not take place in the absence of 



1042 


OOFMAN; the active SUBSTAIfCB 


water, whilst, on the other hand, an aqueous solution of ioJiuj 
monochloride soon lost its power of combining with salicylic acid. 
The gradual disappearance of the “active iodine” (that is, iodjjj 
capable of attacking the phenolic molecule) from such a solution is 
strikingly shown in the table given below. The method einployjj 
was to add 10 c.c. of a solution of iodine monochloride in 
acetic acid (Wijs’ solution) to 100 c.c. of water; the mixtiirs *,5 
allowed to remain at the ordinary temperature (12°) fm (fc 
specified time, after which excess of sodium salicylate (.5 c.c. of 1 
10 per cent, solution) was added to combine with the "ictjv, 
iodine ” ; this was followed after one minute by the addition of u 
excess of potassium iodide and titration with iV/lO-thiosiilpliaf^ 
solution. 


Table showing the Rapid Decrease in the Amount of " Actin 
Iodine” Present in Aqueous Iodine Monochloride Soluticn. 


Time solution was No. of c.c. of N/10- 

“ Active iodine.” 

allowed to remain, thioeulphate required. 

0 

0 

27-8 

10 sec. 

4-1 

23’7 

20 „ 

6-8 

22-0 

30 „ 

73 

20-5 

1 min. 

10-6 

17'3 

2 „ 

13-3 

14'5 

3 „ 

16’8 

no 

5 „ 

17’1 

10-7 

10 „ 

18'1 

9-7 

30 », 

20-2 

7'6 

1 li. 

21-9 

6-9 

2 hra. 

233 

4*5 

2*7 

16 „ 

25'1 

24 ,» 

26-2 

1*6 

How is this rapid decrease 

in the activity 

of iodine monocllori 

solutions explainecU As is 
partly hydrolysed in aqueous 

well known, 
solution, 

iodine monochloriiie ii 


ICl + HjO lOH + HCl, 

the hypoiodous acid formed quickly decomposing into iodic 
and free iodine, the reaction being usually represented thus: 


5I0H=-2l2 + HI03 + 2Hj0. 

Now, it is highly probable that the decrease in 
solution is due to this decomposition of the hypoiodous 
owing to our imperfect knowledge of the cons 1 u ion 
monochloride solutions, this cannot be definitely j 

products of decomposition, such as the compoun 
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iodine trichloride, are present, and these may have a bearing on 
the matter. ® 

Nevertheless, it is quite clear that the present view, which 
ascribes the lodmation of phenols in iodine mouochloride ’solution 
to the action of the iodic acid formed, is untenable, since the 
amount of iodophenol produced actually diminishes as the concen- 
tration of iodic acid and free iodine increases. 

The next step was to investigate the formation of iodophenols 
in alkaline iodine solutions. In this case, thanks to the fact that 
the kinetics- of the system iodine -potassium iodide- sodium hydr- 
oxide has been fully investigated by Schwickler {ZeiUch. phjsikal. 
Chem., 1895, 16, 303), Forster (.7. Physical Chem., 1903 , 56, 
324), Bray {Zeitsch. physikal. Chem., 1906, 54, 663), and Sfaabal 
(Monolsh., 1907, 28, 217; 1909, 32, 167, 815), it is possible to 
show that, in such solutions, the, tmss of “active iodine" is at any 
instant eQ-ual to the amonnt of hypoiodovs acid present, thus 
proving them conclusively to be one and the same substance. 

Without going too deeply into the kinetics of hypoiodite solu- 
tions, it may be stated that the first reaction which takes place 
when iodine is dissolved in alkalis, namely, 

IjH-OH' =: 

attains rapidly a state of equilibrium and, in strongly alkaline 
solutions, the concentration of free iodine is negligible. The 
decomposition of the resulting hypoiodous acid, on the contrary, 
is relatively slow, proceeding with measurable velocity. It has 
thus been found possible to prove that the reaction is one of the 
second order, the rate of change being expressed by the empirical 
formula 

where F = total concentration of electrolytes and e = a variable 
factor depending on the concentration of I' and OH'. 

Under special experimental conditions (when OH'/I'<10), the 
member e{E) of the equation becomes negligibly small, and the 
simpler formula 

_ d[10 H] ^ [I] fjQjji! 

df [uir]''- ■' ' 

expresses the rate of change. 

In the experiments which follow, the initial concentration of 
iodine ions and hydroxyl ions was twenty times greater than that 
of the hypoiodous acid, so that, despite the fact that hydroxyl ions 
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are used up and iodine ions formed during the reaction, the ratio 
[I']/ [OH'] remained practically constant. 

The method of procedure was as follows ; Two hundred c.c. of a 
jy/SO-iodine solution (in potassium iodide) were rapidly mijoj 
with an equal volume of O'diV-sodium hydroxide solution, so that 
the concentration of the mixture was (in mols. per litre) 


0005l2 + 0-2NaOH + 0-2KI. 

Successive quantities of this solution (20 c.c. each) were removed 
after the specified time; excess of phenol (3 c.c. of a 5 per cent, 
solution) was added to combine with the ‘ active iodine, ’ the mix 
ture acidified with acetic acid, and the iodine thus liberated (Irom 
the iodate and iodide) was titrated with iV/lO-thiosulphate. 

Two explanatory remarks are here needed : 

(i) The reaction between phenol and “active iodine” in tin 
presence of excess of the former is very rapid. This may he bsm 
by simply adding phenol to a freshly prepared solution of iodine 
in alkali ; the yellowish-green colour of the latter immediately dt 
appears. The speed of the reaction was also proved by allowing 
phenol to act for various lengths of time (from O’S to 20 mimites) 
on solutions of equal “active iodine” content; the amount ol 
iodine used up was the same, irrespective of the time allowed before 

acidifying. ^ ^ 

(ii) It is essential that acetic acid or some other weak acid is 
employed for acidifying the mixture. If a strong mineral acid is 
used, then iodine is liberated from the iodate and iodide present 
before the whole of the hydroxyl ions have been neutralised ; hyptr 
iodous acid is consequently formed and acts on the phenol, causing 
an apparent increase in the amount of “active iodine. Tlis 
phenomenon- was first described by Kekule, and its effect on tie 
estimation of hypoiodons acid was later eliminated by saturating 
the solution with carbon dioxide before acidifying (Batey, Amlpl, 
1911, 38, 132). If acetic acid is used, the treatment with carbon 
dioxide becomes unnecessary; this was proved by means of blank 
experiment-s on a mixture of sodium iodate and iodide m e 

presence pf phenol. . 

In the table below, the third column gives the amount of acta 
iodine” in terms of c.c. of xV/ 100-iodine solution; kj, i-j, soil i 
are constants corresponding with reactions of the first, secon , 
third order respectively, that is, 




2 log.^’; k. 


; t 

(f, - 


_= J _ . 1 

" 2(i,-«i)’c? ^ 
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fahU showing the Velocity of Decomposition of the "Active 
Iodine Compound" in Alkaline Solution. 


C.c. of NIlW)- 


Time. 

thiosulphate 

required. 

c=“ active 
iodine.” 



lOUt, 

0 

0 

19-5 




1 min. 

20 

17‘5 

4-20 

5-8 

3*16 

2 , 

3-7 

15-8 

443 

6-14 

3-65 

3 „ 

60 

14-6 

3-73 

5-67 

3-8 

5 „ 

7'4 

121 

4-43 

6-84 

fi-35 

8 „ 

101 

9-4 

3-66 

7-90 


10 „ 

11-3 

8-2 

2-96 

7-78 

8-9 

14 „ 

130 

6-5 

2-52 

7-96 

11-0 

18 „ 

141 

5-4 

2-01 

7-83 

13-4 

25 „ 

15-2 

4-3 

1-41 

6-80 

14-1 

30 „ 

15-8 

3-7 

1-30 

7-53 

19-0 

40 „ 

16-5 

3-0 

0-91 

6-31 

19-1 

60 „ 

17-3 

2-2 

0-C7 

6-01 

23-8 

90 „ 

18-7 

15 

0-53 

7-07 

39*7 


Mean 10*^2= 6*90 


The temperature of the solution remained approximately constant 
(10'3 — 10'7°) throughout the experiment. 

It will be seen from the foregoing table that whilst and 
vary considerably, ij remains satisfactorily constant over a wide 
range of concentration, thus proving the decomposition of the 
"active substance” to be a bimolecular reaction, just as is the 
case with hypoiodous acid; the occurrence of a maximum in the 
value of the constant is also suggestive of the decomposition of 
hypoiodous acid, and, finally, as above determined can be shown, 
after applying the necessary corrections, to have the same value as 
the constant obtained by other authors for the rate of decomposi- 
tion of hypoiodous acid. 

Thus, Skrabal {Monatsh., 1911, 32 , 171), working at 20 2° with 
alkaline iodine - potassium iodide solutions of the same concentra- 
tion as employed above, obtained for the constant of the rate of 
decomposition of hypoiodous acid (t'j) the mean value 2'63xl0^. 
Two corrections are needed to make the constant found for the 
“active substance” comparable with that obtained by Skrabal, 
namely, (i) a correction for the difference in the amount of solu- 
tion analysed, and (ii) a correction for the difference in the 
temperature. 

(i) From the equation 

k = - 

it is easily seen that !■., is inversely proportional to the quantity of 
solution analysed at a time. As this was 89'49 c.c. in Skrabal s 

Q Q* 
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case, whilst the preaent author used only 19-5 c.c., the first correct 
’ 19‘5 

ing factor for the constant will he 

(ii) The temperature-coefficient of the constant was found ty 
Skrabal to he 2-1 (per 10°). Now, was determined at 10-50 
and kU at 20 ' 2 °, a difference of 9’7°, hence the second correcting 
, , , . 21x9-7 

factor for the constant is — jg — 

Applying these two corrections, we obtain 

Ic - 6-90 X X 2-1 X ^ X 10® 

= 3-06 X 10®. 

The agreement between the two constants is good, bearing in 
mind that the “mean value ” (that is, the arithmetical mean) ct the 
constants made use of in the above calculations is only a rough 
approximation to their true value. 

Having thus proved that the iodine which combines with the 
phenol in alkaline solutions is present as hypoiodous acid, and 
Lving shown that there is strong evidence for assuming that the 
same compound is the acUve substance in iodine monochloride 
solutions, other methods uses! in the preparation of iodophsnols 
may be ’examined. A close scrutiny will show that in mat, ii 
not all, the processes by which these compounds are obtained, hypo, 
iodous’acid is an intermediate product. 

( 1 ) “Iodine and Mercuric Oxide” Method. The lormation of 
hypoiodous acid from these two substances in the presence of vrater 
is a matter of common knowledge (Kone, Ann. Phys. Chem., 1845, 
riil 66 300 ; Taylor, Chem. News, 1897, 76, 22). 

(2) " Hypochlorous Acid and Potassmm Iodide” Methcd.-fit 
interaction between hypochlorous add and potassium iodide reolt- 
ini; in the formation of hypoiodous acid, has been studied by 
Klimenko {Zeitsch. yhysikd. Chem., 1897, 23, 652, 658) and con- 
firmed by Bray {ibid., 1906, 54, 563). We may therefore sub- 
stitute for Dagener’s complicated formula the following : 

CsH 4 (OH).j + 3IOH = CeHl 3 (OH )2 -I- 3HjO. 

(3) “Iodine and Iodic Acid” Method.-Tbe reaction 

5IOH 2I2-1-HI03-1-2H20 

is a reversible one, and the continuous removal of hypoiodous acid 
by the phenol causes it to proceed towards the left 

(4) “ lodim: and Sodium Phosphate " Method, Iodine ' 
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in a solution of disodium hydrogen phosphate, the simplest way of 
formulatang the reaction being • 


Na^HPO^ + Ij + HjO NaHjPOj + Nal+IOH . , (i) 

The hypoiodous acid thus formed deeompc^es further 

5IOH HIO 3 + 2 I 2 +H 2 O 


ao that, finally, hypoiodous acid is in equilibrium on the one hand 
with iodine and sodium phosphate, and on the other with iodine 
and iodic acid. The following experiment confirms this view. 

A solution of iodine and disodium hydrogen phosphate in water 
was prepared and allowed to remain for a fortnight, so that equil- 
ibrium was attained ; the solution was still of a red colour, show- 
ing that free iodine (or, more correctly, I'j) was present. To one 
portion of this solution phenol was added, which combined with 
the "active iodine” and decolorised the solution; the mixture was 
then immediately acidified, and the iodine liberated from the 
iodide and iodate present was titrated with A/ 100 -thiosulphate. 
Another portion of the same solution, after adding phenol, was 
allowed to remain for twenty-four hours before acidifying end 
titrating as above. The amount of iodine used by the phenol was 
in both cases the same. This is exactly what is to be expected 
from the equations put forward above; the addition of phenol 
removes the hypoiodous acid present, thus disturbing both 
equilibria, but, since reaction (i) has a far greater velocity than 
reaction (ii), practically the whole of the free iodine combines with 
the sodium phosphate, leaving the iodate ion unaffected. 

The reaction between iodine and disodium hydrogen phosphate 
is formulated in a rather different way by Skrabal and Gruber 
[Monatsh., 1916, 37 , 543), who give the equation 


3 I 2 + 6HPO% + 3H20=5I' + IO'j+ 6 H 2 PO',, 

but it is obvious from the result of the above experiment that this 
equation does not represent the actual state of affairs; for, if it 
did, since the reaction is a balanced one, the removal of the free 
iodine by the phenol (supposing this to be possible without the 
intermediate formation of hypoiodous acid) would cause the reac- 
tion to proceed towards the left until no more iodate ion remained 
in solution. This, however, is not the case, for, as we have seen, 
the iodate remains unaffected by the removal of the “ active 
iodine.” 

(5) Nitrogen Iodide Method . — Selivanov (foe. at.) proved that 
this compound yielded hypoiodous acid on hydrolysis, and sug- 

Q Q* 2 
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gested that the iodination is due to the last-mentioned substance 
He gave the following equations: 

Nl8-t3H20 = NH3 + 3I0H, 

3IOH -1- 3C6H5-OH=3CjHjI'OH -t 3HjO. 

« 

(6) Passing on to the “dry” reactions of Birnhaum and Schall 
we see that even here the formation of hypoiodous acid is noj 
excluded. A very small quantity of moisture would be sufficient 
since the water used up in the first part of^ the reaction is 
regenerated at the end . Thus in Schall’s method 

C^Hj-ONa + 12 -t HjO = CeHj-OH + Nal + lOH, 

CsHs'OH -t- lOH = CgHJ-OH + H^O, 

and in Birnbaum’s 

OH-CsHi-COjAg 12 + HjO =0H-C8 Hj-C08H -i- Agl + IQH, 
OH-CsH^-COiH -t IOH= OH-CsHsI-COjH -t HjO. 

This new way of formulating the reactions obviates the necessity 
of assuming any intramolecular change. It should be further noted 
that Kekule's criticism of Lautemann’s method applies also to tie 
last-mentioned reaction; in all probability, the formation of iodo- 
salicylic acid does not take place on heating iodine with silver 
salicylate, but during the subsequent treatment. In any case, the 
preliminary heating is quite superfluous; if to a suspension of 
silver salicylate in alcohol is added a solution of iodine (in alcohol), 
the colour of the latter disappears quickly at first, the reaction 
becoming slower as the ratio between silver salicylate and iodine 
added approaches unity. After removing excess of iodine by 
shaking with mercury and filtering, there is obtained, on evapor- 
ating the alcohol, a mixture of iodosalicylic acids. 

The theory that the formation of iodophenols is due to tbe 
action of hypoiodous acid is thus seen to explain the preparation 
of those compounds by many different methods. The real test for 
a useful theory, however, is its capability of predicting new plienn 
mena and suggesting fresh lines of research. It will be seen that 
the above theory stands this test. 

(i) For instance, it is evident that on the above theory any 
method of obtaining hypoiodous acid could also be used for the 
preparation of iodophenols; thus, it can he predicted that 
phenols will be formed by the action of silver carbonate or sulphate 
and iodine on phenols. 

(ii) The converse proposition, that any method of preparin 
iodophenols may be made to yield hypoiodous acid, is p™ * . 
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also true. This ha, been shown to be the case in the iodine and 
sodium phosphate method of Richard. 

(iii) A further successful tine of research suggested by the pre- 
sen thwry, namely, the estimation of hypoiodous acid, will be 
dealt with in a later paper. 

So far, the hypoiodous theory of iodination has been applied to 
phenolic compounds only, but many of the methods for tL ore 
parafaon of i^ophenols, such as Kekule's (iodine and iodic acid) 
and Weselsky 3 (iodine and mercuric oxide), have been successfully 
used in introducing iodine atoms into other organic compounds 
Again, the formation of iodoform from alcohol and from acetone 
has been proved to be due to hypoiodous acid (Daventer and van't 
Hoff, Bee. tmv. chim., 1888, 1 , 35; Pieroni, Gazzetfa 1911 42 
i, 534). It will be seen from this that hypoiodous ’acid I’s an 
iodinatmg agent has a much wider range than that outlined above. 
Its formation might possibly explain Die action of concentrated 
sulphuric and nitric acids, ferric chloride, etc., as iodine carriers 
(Neumann, Avnalen, 1887, 241 , 84; Meyer and Schwalb, ibid., 
1885, 231 , 195; Datta and Chatterjee, J, Amtr. Chem Soc 1917 
39 , 441). ■ 

Throughout this paper, the term "hypoiodous acid” has been 
employed to denote the compound lOH, although, so far as its 
properties are concerned, “iodine hydroxide” would be a more 
suitable term. The latter name has been avoided, as it suggests 
the existeuce of positive iodine ions, which many chemists regard 
with suspicion. The work of Walden {Zeitsch. ph^sikfd. Chem., . 
1903, 43 , 385) on the conductivity of iodine in inorganic solvents, 
as well as, other considerations (Abegg and Auerbach, “Handbuch 
d. anorg. Chem.,” IV, (ii), 455), lend, nevertheless, considerable 
support to the view that iodine cations do exist. If this be really 
the case, then the previous statement may be modified to : the form- 
ation of iodophenols, and that of hypoiodous acid, is brought about 
by the presence of positive iodine ions. 


The Analytical Laboeatokies, 
Apothecaries’ Hall, 

BLACXnilARS, E.C.l. 


[fictTivcd, May 23r(l, 1919.’ 
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XC . — The Influence of Hydrogen Sulphide on the 
Occlusion of Hydrogen by Palladium. 

By Edward Bradford Maxted. 

The activation of hydrogen by metallic catalysts is undoubted], 
intimately connected with the phenomenon of occlusion; 
hydrogenation reactions which proceed in the presence, for instance' 
of palladium and free hydrogen, may also be effected by palladin ' 
containing hydrogen in the occluded state. 

From this point of view the factors that determine the catalytic 
activity of various preparations of a given metal for hydrogeuaticn 
reactions should include the occlusive power of the preparation for 
hydrogen, and it should follow, as a necessary sequence, that snh 
stances which exert an inhibitive effect on catalytic activity will ahj 
inhibit the occlusive power. 

For the purpose of the present paper, hydrogen sulphide hasbeji 
taken as a typical catalyst poison, palladium being chosen as Its 
occluding material by reason of its high absorptive power Ijr 
hydrogen. 

It may be mentioned, with reference to the influence of other cats- 
lytically poisonous substances on the occluding power of palladim 
for hydrc^en, that De Heniptinne (Ztittch. physikal. Chen., 1898, 
27, 249) noticed that palladium which had been treated with carbon 
monoxide lost its absorptive power for hydrogen, at any rate at low 
temperatures. Carbon monoxide was afterwards found by Paal and 
Hartmann (Ber., 1910, 43, 243) to inhibit the activity of this metal 
for the catalytic reduction of sodium picrate. The latter authors, 
together with Steyer (Paal and Hartmann, Ber., 1918, 51, 711 ; Paal 
and Steyer, ibid., 1743), showed also that mercury acts sirailarlvon 
palladium hydrosols. 

In the work about to be described the hydrogen-occluding power 
of oxygen-free palladium-black was measured before and after treat- 
ment with hydrogen sulphide, and, incidentally, data were obtainrf 
relating to the absorption of hydrogen sulphide by palladium and 
the stability of the absorption compound. 


Expebimentai. 


The apparatus employed consisted of a small glass 
pipette containing a known weight of palladium-black and 
nected by means of capillary glass tubing to a Sprengel pump •• 
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to a gaa burette respectively. This gas burette, which contained 
mercury, was provided with a three-way cock for the introduction 
of gas. The various parts of the apparatus were joined hy fusion, 
and all stopcocks were mercury-sealed. In order to prevent access 
of mercury vapour to the palladium, short plugs of aluminium turn- 
ings, preceded and followed by glass-wool, were inserted in the 
system on each side of the absorption pipette. 

The palladium was prepared in the apparatus itself by the reduc- 
tion of palladiim chloride at 100° hy means of electrolytic hydrogen, 
from which the last traces of oxygen had been removed by treatment 
with palladinised asbestos at 350°, followed by soda-lime. 

According to the measurements of Mond, Ramsay, and Shields 
(Proc. Roy. Soc., 1897, [A], 62, 990), palladium-black occludes 
about 873 volumes of hydrogen at the ordinary temperature and 
pressure. The ease and rapidity with which this is given up varies 
somewhat with the nature of the palladium, but, in any case, the 
bulk is evolved in a vacuum at 100°. The greater part of the 
hydrogen occluded is taken up at once, but a slight additional 
absorption takes place on allowing the palladium to remain in 
hydrogen. 

In order to avoid the possibility of changing the nature, and 
especially the catalytic activity, of the palladium-black by over- 
heating, it was decided, in the present case, to regard 100° as the 
maximum temperature to which the palladium should be subjected, 
this temperature being, as already stated, sufficiently high for the 
extraction by exhaustion of practically the whole of the occluded 
hydrogen. 

The first point to be studied was the constancy of the volume of 
liydrogen which could be removed by exhaustion at 100° or, alter- 
natively, occluded by exposing jralladium, which had been dehydro- 
genated in this way, to the action of fresh hydrogen at the ordinary 
temperature. In order to ensure uniformity in the experimental 
conditions, the system was in every case exhausted to a standard 
pressure of 3 mm. at 100°, and exhaustion was continued as long as 
any appreciable quantity of gas was being evolved under these con- 
ditions, the hydrogen being collected over mercury in the usual way. 
Subsequently, a known volume of hydrogen was admitted to the 
absorption tube from the gas burette and the contraction read off, 
the volume of the absorption pipette, including its connexions, hav-. 
;ng been determined previously. 

Table I summarises the results of eight experiments carried out 
in this way. The measurements numbered 5 and 6, also those 
numbered 7 and 8, were made with fresh quantities of palladium- 
black, which in every case weighed 0'6 gram, corresponding with 
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1 gram of palladium chloride. The volume of gas evolved or 
occluded is in every case reduced to normal temperature and prej, 
sure. 


No. of expt. 

Table I. 

Vol. of hydrogen 
evoh ed on exhaustion. 
C.c. 

Vol. of hydrogen 
subsequently occluded 
C.o. 

1 

41-3 

40-0 

>1 

40-2 

40-5 

3 

410 

411 

4 

41-4 

— 

0 

41-5 

40'6 

C 

41-9 

— 

7 

41tf 

40-5 

8 

41-5 

— 

The average volume of hydrogen evolved 

or occluded tinder the 

above conditions is 

thus about 41 c.c., corresponding with 68’5 c,c. 


per gram of palladium. 

Dry hydrogen sulphide, prepared by the action of heat ou a sola, 
tion of magnesium hydrosulphide, was now allowed to pass into tb 
exhausted reaction tube in place of hydrogen and to remain in 
contact with the palladium, from which the occluded hydrogen had 
previously been removed by exhaustion at 100°. Occlusion of a 
certain amount of the gas toot place at once, and was followed by a 
slower and continuous absorption of a secondary nature. It had 
previously been ascertained that hydrogen sulphide, provided it is 
dry and free from oxygen, does not attack either mercury ot 
aluminium at a rate sufficient to influence the measurements. 

Table II summarises an absorption experiment with 0'6 gram of 
palladium. 

Table II. 


Time. 

Vol. HjS 
absorbed. 
C.c. at 
N.T.P. 
6-2 

Tr'v 

7-1 

10 „ 

7-5 

3 hr. 20 min 

10-4 


12-2 

40 

13-5 


By interrupting the absorption after a suitable time of contact, 
palladium containing various proportions of hydrogen sulphide could 
be obtained. The hydrogen sulphide thus absorbed was not remcved 
to any great extent by exhaustion at the ordinary temperature, s 
being especially the case when the hydrogen sulphide content o * 
palladium was comparatively low, and, on passing hydrogen m 
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exhausted absorption pipette, occlusion of this gas no longer took 
place. 

Under the conditions employed, it was not found possible, in view 
of the velocity of the primary occlusion of hydrogen sulphide by 
palladium, to prepare specimens of the metal containing less than 
about 13-5 C.C. of hydrogen sulphide per gram, corresponding with 
an absorption of about 8 c.c. for the 0 6 gram of palladium taken 
for each expenment, and the minimum volume of hydrogen sulphide 
required for the total inhibition of the hydrogen-occluding proper- 
ties of palladium could therefore not be determined. This figure is, 
however, certainly less than 14 c.c. per gram of palladium. 

On exhausting the palladium containing hydrogen sulphide at 
100° a volume of gas, approximately equal to that of the hydrogen 
sulphide contained in the preparation, was evolved, but was found 
on analysis to consist almost entirely of hydrogen, the sulphur of 
the absorbed gas being retained by the palladium. 

Table III records three results of this nature. 


Table III. 

Vol. of 


No. of 

Wt. of 
P d in 

Vol. of 
H,S 

Occlusive 

power 

for 

Vol. of 
gas 

evolved 
in a 

vacuum 

gas 
subse* 
quently 
evolved 
in a 

vacuum 

Analysis of 
total gas 
evolved 

C.c. C.c. 

expt. 

grama. 

absorbed. 

hydrogen. 

at 15®. 

at 100®. 

1 

0'6 

8-2 

Nil. 

01 

8-2 

8-3 — 

2 

0'6 

13-5 


M 

12-8 

13-7 0-2 

3 

0-6 

17-7 


2-3 

16-4 

17'4 1'3 


An interesting observation was made with respect to the specific 
influence of the nature of the sulphur absorption compound on the 
occlusive power of the palladium for hydrogen, in that, whilst about 
8 c.c. of hydrogen sulphide are sufficient to inhibit completely the 
occlusive power for hydrogen of 0'6 gram of palladium, the equiva- 
lent quantity of sulphur, which remains behind after exhaustion at 
100°, is by no means sufficient to prevent completely the occlusion 
of hydrogen. 

In order to study quantitatively the influence of sulphur in the 
latter form, measurements were made of the volume of hydrogen 
which was capable of being absorbed or evolved by various speci- 
mens of palladium of known sulphur content, the hydrogen portion 
of the absorbed hydrogen sulphide having been previously extracted 
by exhaustion at 100°. 

The results obtained are tabulated below, the measurements of 
occlusive .riower having been carried out under similar conditions tj(^ 



1064 TH* rtrrLiraOE of HYDEOOJiN STJUPBIPB, ETC, 


the experiments recorded in table I. The sulphur content waa det® 
mined both by measuring the volume of hydrogen sulphide 
had been absorbed, subtracting any small quantity evolved aj 
during the preliminary exhaustion at 100°, and also, as a check 
measuring its occlusive power, by dissolving the preparation in 
regia and precipitating as barium sulphate. In order to obtain 
preparation containing as high a proportion of sulphur as 0 032 j 
gram to 0’B4 graun of palladium, corresponding with an ahsorptioj 
of 23’0 c.c. of hydrogen sulphide, an absorption period of about 
three weeks was necessary. 


•a 






Sulphur contend m milligrama. 



Table IV. 

Occlusive power for hydrogen. 


No. of 

Wt. ol Pd. 

Wt. of 
sulphur 
content. 

Vol. absorbed. 

expt. 

Gram. 

Gram. 

C.c. at N.T.P. 

1 

0-6 

00117 

31-7 

2 

0-6 

00117 

31-8 

3 

0-6 

00117 

31-3 

4 

0-6 

00117 

30-7 

5 

0-6 

0 0242 

21-2 

6 

0-64 

0-0328 

8-4 

7 

0-64 

0-0328 

8-0 

8 

0-54 

0-0328 

7-7 


Vol. subse- 
quently 
evolved. 

C.c. at N.T.P. 

31 - 6 

32 - 4 
31-0 

21*6 

8-2 

7-9 

7-9 
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On plotting the above results grapbioally, it will be seen that the 
mean occlusive powOT for hydrogen is approximately a linear funo- 
tion of the sulphur content, and that each atom of sulphur renders 
almoet exactly four palladium atoms incapable of occluding hydro- 
gen, the remainder of the palladium being capable of occluding 
normally. The accompanying curve, which shows this relation, 
refers to 1 gram of palladium. 

Whilst any discussion respecting the constitution of tlie compound 
formed bythedecomposition of hydrogen sulphide by palladium does 
not fall within the scope of the present paper, it may be noted that 
the occlusive power of a preparation of this kind may be predicted 
by assuming a compound Pd^S to be formed, and ascribing to the 
residual palladium its normal power of absorption. There iS, how- 
ever, insufficient evidence to justify the assumption of the actual 
formation of this or any compound, and it may be mentioned in this 
cohne.xion that palladium foil was found to remain untarnished by 
pure dry hydrogen sulphide both at the ordinary temperature and 
at 100°. 

Cbaeles Stbeet, 

Walsall, Staffs. [Rmivcri, July Wlh, 1819.] 


XCI . — The Critical Solution Temperature of a 

Ternary Mixture as a Criterion of Purity of 
Toluene. 

By Kennedy Joseph Previte Orton and David Charles Jones. 

The use of binary critical solution temperatures in the determin- 
ation of purity has become well knowi^ since Crismer (Bull, Soc. 
chim. Belg., 1895, 9, 145; 1896, 10, 312; 1904, ilS, 1; 1906, .20, 
294) originally demonstrated the great delicacy of the critical solu- 
tion temperature of the alcohol-petroleum binary in detecting tbe 
presence of, and in estimating the amount of, water in the alcohol. 
As a means of distinguishing rapidly between various fate and 
oils and of testing tbe purity of liquid substances, the use of critical 
points has been considerably developed. The occurrence, however, 
of the critical points of binary mixtures in convenient ranges of 
temperature is relatively rare, and hence the applicability of the 
method is for practical purposes comparatively limited. 

This disadvaatrage largely disappears in a ternary mixture. If 
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will sufBciently illustrate the effect of various substances whi(.][ 
have examined. 

The solubility of paraffin hydrocarbons in acetic acid and ' 
water is very much less than that of toluene. The presence ^ 
petroleum raises, therefore, the o.s.t. of the systems toluene-acetj 


Fro. 1. 



WO SO 60 *11 


Per Cent Toluene 

acid-water and benzene-acetic acid-water in a very marked way. 
If the toluene contains 1 per cent, of petroleum (b. p. 124—132 , 
octane), the c.s.t. (23-5“) is raised by 1'6“. Since the temperature 
of critical solution can be read with certainty to 0-1° at the rMje 
of temperature used, such small proportions as one-sixteenth p*' 
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cent, of paraffin can be detected in benzene, toluene, xylene, and 
the lite, and the proportion estimated to the same degree of 
accuracy. For paraffin in benzene, the method is far more delicate 
than the melting point. The fact that the same aqueous acetic 
acid can be used in the three hydrocarbons named is an additional 
advantage. 

In the homologous series of paraffin hydrocarbons, the solubili- 
ties are very similar, but the progressive decrease of solubility as 
the series is ascended in the effect on the c.s.t, of the toluene-acetic 
acid-water system is obvious (table II). 


Table II. 

Elevation or 
depression of 


Substance present cent, of 

as impurity in toluene. substance. 

Benzene — 0'27‘* 

Xylene 0-29" 

C^ene 0-90“ 

Pentane 0’00“ 

Hydrocarbon fractions mainly b. p. 109-110° ... 1-4° 

(Octane) 124-132°... 1'6° 


If it be assumed that the complete substitution of octane tor 
toluene is accompanied by a proportional rise in the c.s.t., the 
c.s.t. of pure octane with this particular aqueous acetic acid will 
be about 160'’. Since increase in the concentration of the acetic 
acid solution used lowers the temperature of critical solution, it 
appears probable that some paraffin hydrocarbons would give binary 
critical solution temperatures with more concentrated — glacial- 
acetic acid. We have determined (approximately) the values of 
certain fractions. 


Table III. 

c.s.t. 

Hexane. Acetic acid, m. p. 15-9° 1° 

Hexane. ,, „ 15-0° 25° 

Hydrocarbons boiling at 205-225 °a [ 59° 

„ „ 225-240°! Acetic acid, m. p. 16-15° 1 66*6° 

„ „ 240-264°) 1 810° 

This similarity in solubility relation among the homologous fatty 
paraffins, which is the cause of this small difference in the values 
inf the c.s.t., may be contrasted with the widely varying relations 
among the fatty acids. 

In Pig. 2 (in which we have followed Roozeboom, " Heterogene 
Gleichgewicht,” Vol. III.), represents the critical curve 

of the system toluene-acetic acid-water from the binary cs.t. of 
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toluene-water, C (which we find to lie approximately at 250“ 
pressure), through the ternary c.s.t.’s on the isothermal binodj 
curves; the base of the prism corresponds with an isothermal i 
below 0®. Similarly, C'C'jC'^G'jO\G\ represents the corresponJi'j 
critical curve for benzene. In the enlarged inset (X), X 
represent the ternary c.s.t.'s of the toluene and benzene aysteju 
respectively, at the isothermal 23'5‘’, whilst X, and K\ represent 
the c.s.t.’s at -3'3°. 

Fro. 2. 



The percentage composition of the system at X is: toluene, 39 34, 
acetic acid, 54 52; water, 6‘14. 

The percentage composition of the system at K'j is: benieoe, 
39'72; acetic acid, 54'22; water, 6 06. 

Waddell’s values for the benzene system at 25° are; benseie, 
39'6; acetic acid, 64’22; water, 7-6. 

If in a system the composition of which is represented by 
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toluene is gradually diaplaoed by the same volume of benzene, the 
critical phenomenon exhibited by the system remains alwajp dis- 
tinct up to the complete replacement of toluene, that is, KK\, a 
line parallel to the temperature axis, cannot be detected as having 
left the region of the critical curve. The great similarity in the 
solubility relations of benzene and toluene would account for this 
behaviour. Moreover, the temperature of the (now^ quaternary 
c.s.t. is linearly related to the increasing proportion of benzene in 
the system (inset F, Fig. 2). Quite analogous results were found 
to hold in the case of xylene, the critical curve being as uucb with- 
out that of toluene as that of benzene within, and also, as the 
diagram (F) shows, replacement of toluene by xylene causes a 
linear corresponding alteration in the c.s.t. 

On the other hand, the critical curves of aqueous acetic acid- 
petroleum and aqueous acetic acid-toluene, owing to the greater 
difference in solubility, lie very much further apart. It is prob- 
able that in cases of this kind, substitution of ])etro]eum for toluene 
would lead the system away from the curve, but up to 17 per cent, 
of petroleum the critical phenomena remain very distinct, and the 
relation between the proportion of petroleum and the elevation of 
the c.s.t. is linear (Fig. 6). 

Relation between Melting Point of the Acetic Add and the 
c.s.t. with Toluene. 

The c.s.t. of the ternary system toluene-acetic acid-water rises 
proportionally to the increase in the quantity of water over a small 
range — 3'5 per cent, and the elevation of the 
c.s.t. is almost linearly related to the depression 
of melting point of the acetic acid (Table IV, 
and Fig, 3.) 

Table IV. 

M.p. of 

aqueous Percentage 
acetic acid. of water. c.s.t. 

5*45^ 8-2 -Sr 

4'2‘’ 9-0 O-S'* 

2*77" KM 235'* 

0-9* 11-7 41-9“ 

(The percentage of water is obtained from 
Faucon’s numbers, Ann. Chim. Phys., 1910, 

[viii], 19, 84). 

Similarly, the c.s.t. of the binary system 
alcohol-petroleum (Crismer) and ben^ne- 
formic acid (Ewins) rises proportionally to 
the concentration of water added. 


Fio. 3. 



Melting Points of 
Acetic Acid 
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In Fig. 2, let C 5 represent the critical point on the lowest binodji 
curv^ ATW ; on replacing acetic acid by water, keeping the pto 
portion of toluene constant, the composition of the system foHej-, 
the line CO" parallel to the acetic acid-water line, dll', eg, 
the projection of the critical curve on the isothermal plane, repre 
senta the whole series of critical compositions up to the binary csi 
of toluene and water. Hence, unless O' approximates to 0" 
position (assuming CO' to be a straight line), addition of water soon 
takes the system away from the region of the critical curve. Xhe 
phenomenSn of critical solution, then, will not appear when the 
temperature of miscibility is observed. It must be emphasisej 
that in our experiments the distance travelled by the system ai 
water replaces acetic acid, along CO", is relatively very small Xhe 
system is still found sufficiently near to the critical curve for an 
obvious exhibition of the critical phenomena. 

Memvrement of the Constituents . — In using the change in tht 
c.s.t. of a ternary mixture produced by an impurity for the pur- 
pose of estimating the impurity, such as we are suggesting, acrarsrv 
of measurement of the quantity of the constituents is of the grestet 
importance (compare Timmermans, loc. cit.). Thus, as an illj!. 
tration, the numbers given in the table of the temperature of the 
critical solution of the system toluene-acetic acid-water show ths 
effect of an increase in the proportion of toluene (pure) of lesi 
than 1 per cent. 


Table V. 

Aqueous 

acetic acid. Toluene. Difference. c.s.t. Difference. 

0-8232 0-5006 0'0144 24 - 05 '’ , 

0-6232 0-4862 0-0144 22 - 4 ® 

The difference 1'65° would correspond with the presence of 1 per 
cent, of petroleum. 

In the figure (2), the point K\ represents the composition of tb 
ternary c.s.t. of benzene— acetic acid-water. Any change in tb 
proportion of any one constituent causes the composition of the 
system to move either into a region of heterogeneity within the 
binodal curve or of unsaturation and homogeneity without the 
curve. In systems such as benzene— acetic acid-water (or toluene- 
acetic acid-water), the solubility relations of which change slowly 
with alteration of temperature, a considerable temperature change 
would be required before the miscibility point of the new system 
is reached. In other words, the sensitiveness of the c.s.t. to sig 
variations in imposition is a consequence of the great exteii.^ 
of the figure along the temperature axis. 

The very great importance of accuracy of proportions o 
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coustituents in a binary as well as in a ternary mixture is well 
illustrated by a perhaps extreme case which we have observed. 
Fig. 4 shows the effect of addition of toluene to two mixtures 
of n-butyric acid and water, one containing 41 and the other 
,13 per cent, of the acid. These two mixtures both give 
the same miscibility temperature (-3-7°) in the critical region, 
owing to the long, flat top of the solubility curve (Faucon, Roth* 
mund, Ztitsch. physikal. Chem., 1908, 63, 57, and Timmemans). 
The solubility curve of the system alcohol-petroleum has a similar 
form. 

If one regards the toluene as an impurity in the binary system 
biifcyric acid-water, each curve (Fig. 4) may he taken to show the 
effect of increasing concentration of the impurity on the binary o.s.t. 
If, however, it is desired to 
estimate by the elevation of 
the o.s.t the proportion of 
impurity, it will be seen that 
it is obviously essential that 
the proportions in which the 
constituents are taken shall be 
exactly known. If the propor- 
tion of w-butyric acid is 41 per 
cent., then the presence of 
1 per cent, of toluene causes a 
rise in the o.s.t. of 2P (Fig. 4), 
whereas if the proportion of 
n-butyric acid is 33 per cent., 

1 per cent, of toluene gives a 
rise of 35^. 

Alternatively, let the con- 
centration of toluene be fixed 
at 1 per cent., then a variation of the proportion of butyric acid 
from 4i to 33 per cent, will lead to a change in the c.s.t. of 15°. 
Yet in the absence of toluene both acid-water mixtures will have 
the same miscibility temperature. 

This example brings out very clearly the necessity of using exact 
proportions of the constituents when the binary c.s.t. is being 
used as a criterion of the degree of purity. Only when the liquid 
is finally purified are the exact proportions of less importance, since 
before that stage Iz reached the system is not binary, but of a 
higher order. Thus, in the use which is commonly made of the 
alcohol-petroleum binary to estimate the proportion of water in 
the alcohol, it is essential, even for small quantities of water, that 
certain definite proportions of petroleum and aqueous alcohol should 
be used. 


Fig. 4. 



Criticaf Sohticn Temperature 
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It is obviously of first importance, if the method is to become of 
practical utility, that the proper degree of accuracy should tj 
combined with rapidity and simplicity of manipulation, Wj juj 
that a remarkably high degree of accuracy can be reached by usij„ 
small, carefully constructed pipettes, one for the solution of fisjij 
concentration and the other for the liquid the purity of which h 
to be tested. The manipulation and the method of estunatiog 
petroleum in toluene which we recommend have been tested in ths 
analytical laboratory of a large chemical works, and have received 
a very favourable report as giving accurate and consistent results 
in the hands of the average manipulator. 


Expeiiimental. 

Apparatus . — The accurate measurement of (1) the solution used 
(2) the liquid the purity of which is to be tested, is the firat cm- 
sideration in using this method. Weighing of liquids is a lengthy 
and difficult operation. We find that for small volumes the degree 
of accuracy which can be reached with properly constructed pipettes 
is quite remarkable. The diagram (Fig. 5) shows the form and the 
dimensions of the pipettes we have used. The essentials in the 
form and use of the pipettes are as follows; (1) The tip of the 
pipette is drawn into a fine capillary tube, so that the liquid may 
be held with certainty to the mark, whilst the time for delivery is 
about one minute for volumes 0'5— 1 c.c, (2) The stem of the 
pipette should be of small diameter, since with wide tubes, (s) 
change in pressure of the finger causes a very appreciable variation 
in the height of the meniscus, an effect which is very marked with 
a pipette having an ordinary tip; (&) error in adjustment of the 
meniscus is magnified. (3) After drawing in a liquid and adjust- 
ing to the mark, the outside of the tip should be gently wiped with 
a silk duster, at the end of which operation the liquid fills the 
pipette from the mark to the end of the tip, (4) When the pipette 
has ceased delivering, the capillary tip (in contact with the glass) 
is emptied by a gentle blow. (5) Every care is taken to have a 
clean glass surface; finally, the pipette is washed out with distilled 
water and dried by a current of dust-free air. 

The following illustrations will emphasise the extremely small 
error entailed in the use of these pipettes. A "5 c.c. pipett«i 
terminating in a fine capillary tube, delivered its content of wala 
in two minutes. At a definite temperature, it delivered m ™ 
successive trials 4'95979 c.c., 4'95986 c.c., 4'95995 c.c,, 4 9596 a , 
4-96011 c.c. ; the volumes are calculi»ted from the weights o wa 
delivered. It will he seen that the maximum variation betwee 
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any two readings is 0*00045 c.c., and the maximum variation from 
the arithmetic mean 0-00024 c.c., or 0-005 per cent. 

A “ 2 C.C. " pipette, which delivered its content of water in only 
ten seconds, lengthened, however, in delivery to one minute, gave 
the following weights of ^ater in five successive experiments: 
2-0146, 2*0146, 2 0172, 2 0138, 2*0172 grams. Here the maximum 
variation reaches 0*0034 gram, and from the arithmetic mean is 
0 0017 gram, or 0*08 per cent. 

A very small pipette, of the same type, but smaller than thos<j 
we have generally used, deliver- 
ing its content of water very 
slowly— in about one minute — 
gave the following readings in 
four successive experiments : 

0*2524 C.C., 0*2524 c.c., 0*2525 
C.C., 0*2527 c.c. The maximum 
variation between any two read- 
ings is 0*0003 C.O., and from the 
arithmetic mean 0*0002 c.c., or 
0*1 per cent. 

We have used small pipettes 
of various content, but for the 
apparatus in which we have 
observed the c.s.t. of the toluene- 
aqueous acetic acid and similar 
systems, pipettes of from 0*4 to 
0*7 c.c. capacity are required. 

The aqueous acetic acid pipette 
delivered 0*6232 c.c., and the 
toluene pipette 0*4958 c.c. These 
'are the quantities of our aqueous 
acetic acid (see later) and pure 
toluene, which we found to ex- 
hibit the phenomena of critical 
solution in the clearest and most obvious way. The maximum 
variation from the mean is 0*0002 c.c., and hence in one pipette the 
maximum error may amount to 0*03 per cent., and in the other to 
0 04 per cent. An error of measurement of 0*001 c.c., that is, five 
tunes the actual maximum variation observed, produces a difference 
cl 0*1° in the c.s.t. of toluene, and would correspond with an error 
of 0*0125 per cent, in the estimation of paraffin. 

The experimental tube has the form and dimensions shown in 
the diagram (Fig. 5). The cap (d) is fastened on the tube (S) by 
a short piece of rubber tubing. This tube is attached to the 


Fio. 5. 
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thermometer by rubber rings, and the whole combination Ig 
as a stirrer of the bath. 

The thermometer is a standard instrument, preferably graduated 
in twentieths, but a graduation in tenths will sufSce for most 
purposes. 

The bath is a glass beaker of -2 litres capacity filled with water 
and heated by a small gas burner of the Argand type. The fian, 
is simply and effectively regulated by a screw clip compressing a 
rubber tubing; the adjustment is very delicate when the rubber 
and slip are made fast to the bench, and hence the temperature is 
raised with the deliberation necessary as the temperature of critical 
solution is attained. 

Determinatim. of c.s.t.— At the ordinary temperature, the con- 
tents of the experimental tube are in two layers, the lower layer 
being mainly composed of aqueous acetic acid. As the tempera- 
ture rises, the mutual solubility of the two layers increases, and 
they intermingle more readily as their densities, viscosities, etc,, 
approach the same value, the suspensions of one layer in the other 
taking place in smaller drops requiring longer to separate. Gradu- 
ally, striations appear through the body of the liquid, which is do* 
distinctly opalescent. The temperature of the bath should now he 
rising at the approximate rate of 1° in five minutes. The striations 
become more and more delicate as the layers approach identity in 
every respect, and faint beginnings of blue fluorescence appear. 
This fluorescence deepens in tone, and when evident throughout 
the liquid, the striations being still clearly visible, the temperature 
of the bath must be raised more slowly at the approximate rate 
of 0’1° per minute. Close observation will now show the disappear 
ance of the striations and greatly increased fluorescence. Thie 
temperature is taken as the critical solution point. The clearnes 
with which one can see the thermometer scale through the liquid is 
a good test (first mentioned by Rothmund, loc. dt.) for obsen-ation 
in these final stages. The reading can now be repeated by cooling 
the bath very slightly, say 0'2°, and again taking the critical solu 
tion temperature. Readings may be repeated as often as desirable 
with the same mixture. 

Materials . — The pure acetic acid was fractionated throug an 
eight-bulb still-head. A considerable quantity was placed in a 
special double-stoppered bottle, and water added to bring it ' 
composition desired. We have used two solutions contam^ 
approximately 10-1 and ll'T per cent, of water, and meK 
approximately at 2-77° and 0-9° respectively. To obtain a co 
reading of the melting poinU of such dilute 
difiicult matter (compare Faucon, loc. at.). The P 
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cannot be determined <irithin 0-02— 0-03“. The acid melting at 
..2-77°” gave a c.s.t. with pure toluene at 23-5“, and that melting 
at " 0'9° ” a 0.3. t. at 41-9°. A difference in melting point of 0 01° 
of the acetic acid leads to a difference of the c.s.t, with pure toluene 
of 0-1°. 

Since pure toluene can b'e readily obtained in quantity, it is 
better to prepare an aqueous acetic acid approximately of the 
desired composition, and then to determine the c.s.t. with pure 
toluene, rather than deduce the c.s.t. of the system from the melt- 
ing point of the aqueous acetic acid. 

Pure Toluene. A quantity of toluene which had been prepared 
in the usual way from recrystallised toluene-p-sulphonic acid was 
shaken with saturated sodium carbonate solution, washed with dis- 
tilled water twice, and dried over granulated calcium chloride 
(which does not, however, reduce the saturation point below 0° 
unless the liquid is simultaneously cooled). It was then frao 
tionated through an eight-bulb still-head, and the large middle 
fraction refractionated. The "standard” toluene thus obtained 
has the characteristic that, on distillation, the first 10 c.c., the 
main fraction, and the last 10 c.c. yield the same c.s.t. with a 
given aqueous acetic acid. No change in the c.s.t. of the standard 
toluene could be observed after treatment with phosphoric oxide 
and refractionation. 

The toluene has D!|* 0’87417 ; Perkin (T., 1896, 69, 1241) gives 
D||* 0'87403. 

Benzene . — The benzene was obtained by fractionating a speci- 
men (m. p. 5'4°) until the fractions (first, main, and final) gave 
a constant c.s.t. with the standard "acetic” acid melting at 
when quantities identical with those taken for toluene 
were used. The value of the c.s.t. is 14‘3°. With acetic acid 
melting at “ 2 77° ” the c.s.t. is — 3'3°. 


The Presence of Paraffin Hydromrhom in Toluene. 

For the purpose of studying the effect of the presence of paraffin 
hydrocarbons in toluene, the paraffin was obtained from American 
petroleum. 

After shaking with sulphuric acid (95 per cent.) (which removes 
the olefines, Colman and Yeoman, J. Soc. Chem. Ind., 1919, 38, 
57; Thole, ibid., 39) until a fresh quantity of sulphuric acid 
remained uncoloured, the hydrocarbon was warmed and shaken 
with a mixture of nitric and sulphuric acids for many hours. 

After washing with aqueous alkali and then with water, and 
drying with granular calcium chloride, it was distilled through an 
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eieht-bulb stiU-head. After several fradSonations the two frac 
tiOTS, b. p. 109-110° and b. p. 124-132“ vrere used for adiuirture 

In determining the e.s.t. of the mixture, the pipette delivering 
0-6232 c c -was used for the aqueous acetic amd. and the pipette 
deliverine 0-4958 c.o. for the mixture of toluene and petrolenm. 
The results are summarised in the following table (VI) and 
graphically shown in Fig. 6. 


Table VI. 


t Paraffin boiling at 124-132°. Aqueous acetic acid melting 
at'“0-9°” and containing about IM per cent, of water (Fig. 6). 


Paraffin. 
Per cent. 
0-0 
1-054 

1- 31 

2- 08 
3-926 
6-17 


c.s.t. 

41-8“ 

43-65“ 

43-9“ 

45-4'’ 

48-1“ 

Sl-4° 


Paraffin. 


Per cent. 


3-98 

66-05' 

1017 

67-6° 

14-45 

64-2° 

17-17 

68-5' 


S. 


at 


Paraffin boiling at 109—110°. Aqueous acetic acid melting 
0-9° ” and containing about IPT per cent, of water (Fig. 6). 


Paraflin. 
Per cent. 
2*317 
4*09 
9-28 
14*54 


c.s.t. 

45*1® 

47*6® 

54*85® 

62® 


G Paraffin boiling at 124-132°. Aqueous acetic acid melting 
at “' 2 - 77 °” and containing 10-1 per cent, of water. 


Parafftn. 
Per cent. 
0 

1054 

1-31 

208 

3.926 


C.8.t. 

23-5” 

26-2° 

25- 5' 

26- 8° 
29-7° 


Paraffin. 
Per cent. 
6-17 
8-98 
10-17 
17-17 


C.3.t. 

33-06' 
37-6" 
39-0“ 
50- 1” 


It is to be remarked that the presence of 1 W cent 

paraffin boiling at 124-132° oraf ’s-rf- 

. _ A aniipous acctic acid melting at 


is used. 
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Sitimatim of Petroleum in Industrial Toluene. 

Several speanens of industrial toluene were examined, including 
some which hud been purified to meet the Government standard, 
and boiled within 0 Ei°. Before determining the c.s,t., the toluene 
,fas shaken with small quantities of sulphuric acid (95 per cent.) 
^ntil the acid no longer became coloured. It was then shaken with 
ueous sodium hydroxide, washed with water, dried with calcium 
chloride, and fractionated through an eighhbulb still -head. 


Fio. 6. 



(The “Government” toluene gave a c.s.t. of 44-5° with 0 9° 
acetic acid; a specimen of toluene of French offica 
of 44 3°; and a specimen of toluene supplied by Eng 
tilleries, a c.s.t. of 44-0°.) 

Three fractions were collected of the matenai wi 
within 0-5° a small first fraction, a ® 

residue. The c.s.t.’s with aqueous acetic acid (m. p. 0 9 ) 

respectively 44-35°, 44-4°, and, wdth the residue, 45 2 , wherea 
[pure toluene gives a value of 41'8^. 

VOL. OXV. 
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Thus but little elimination of impurity is efleoted by the frit, 
tionation; the c.s.t of the 15 c.e. residue is only 0-8o above th, 
main fraction, which has a value 2'6° above that of pure toluea^ 
The chemical treatment and the fractionation would remove all 
impurity save paraffin hydrocarbons of similar boiling points, whid 
as is well known, are commonly found in the usual sources ol 
toluene. The presence of xylene as the cause of the high value 
of the c s t., beyond a trace, is, apart from all else, completelj es. 
eluded, inasmuch as an elevation of 2-6° would require from 8 to S 

per cent, of xylene (Fig. 2, T). , ■ 

If paraffin of about the boiling point 124—132 is taken as the 
main impurity, then, from the daU given in the foregoing, tii 
toluene contains I'S per cent, (by weight) of paraffins. If pa..*, 
of about the boiling point 109-110“ is the impprity, the ■ 


contains 1'85 per cent. 

Some additional light is thrown on the problem by comparisMi 
of the densities, as the following results show. The specimen d 
industrial toluene, having a c.s.t. of 44-4°, has DjlJ 0-8721, Put, 
toluene containing 1'6 per cent, of paraffin boiling at 124-13!* 
has the same c.s.t. and Dill 0-8718, whilst toluene containing l-8i 
per cent, of paraffin boiling at 109-110® has again the same c,!, I 
but D‘,11 0-8710. 

It may be inferred that the toluene contains somewhat less that 
1-6 per cent, of paraffins, which distil over a range probably sons 
what above 124 — 132®. 

Direct estimation of the paraffin by Spielmann and Jones’i 
(/. Soe. Chem. hid., 1917, 36 , 490) modification of Wilson and 
Roberts’s method does not apparently give a very accurate result 
with such a small proportion of parafiin. 

The paraffin was isolated iu a similar way from a large volume 
of toluene distilling within 0-5°; it had Dli J 0-7312. The densty 
of octane (b. p. 125-5°/760 mm.) is given as 0-7188 at 0“, andol 
nonane (b. p. 149-5®/760 mm.) as 0-733 at 0°. 

We think it may be -fairly claimed that the critical solution 
temperatures of aqueous acetic acid with industrial hum, 
toluene, or xylene which have been fully purified afford an accurate 
means of determining the content of paraffin hydrocarbons. 

We intend to pursue the study of ternary mixtures, and especi- 
ally of the use of the critical solution temperatures of such nurtures 
as a criterion of purity of liquids. 


Uotvebsity Coujsoe of North Wales, , , , , n.-j loig.l 

Basoor. [Bece«cd,W!r22«<i,llu»-l 
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mi-TUocyanoacetone and its Derivatives and 
Isomerides. 

By Joseph Tchekniac. 

rBiocYAROACETORE, SCN-CH.-CO-CHj, WAS first obtained by the 
iction of monochloroacetone on barium thiocyanate in alcoholic 
iolution (Eellon and Tcherniac, £er., 1883, 16, 349). Later it 
»as found that the reaction takes place in the absence of alcohol 
irhen the crystallised barium salt is intimately mixed with mono- 
ihloroacetone (Tcherniac, Ber., 1892, 25, 2623). Further investi- 
;ation has shown that an aqueous solution of any thiocyanate of 
the alkalis (except that of ammonia) or of the alkaline earths can 
be used with advantage. As an example, the preparation by 
means of the sodium salt may be described. 

To 92'5 grama (1 mol.) of monochloroacetone,* 191’4 c.c. (U 
mols.) of a 46'55 per cent, solution of sodium thiocyanate were 
idded, and the mixture was stirred for ten hours. The tempera- 
ture rose about 25®, and a brown oil gradually separated. The 
rhole product, oil and aqueous solution, wa.s completely extracted 
rith ether. The ethereal extract, which contained an appreciable 
juantity of dissolved thiocyanate, was shaken with successive 
juautities (10 c.c.) of water until the wash-water gave only a slight 
•eaction with ferric chloride. The united washings, which con- 
tained some thiocyanoacetone, were reserved for addition to the 
following preparation before the ether extraction. 

The ether was distilled off from a water-bath at the lowest 
^mperature possible. Fifty c.c. of distilled water were added to 
^e residue, and the whole was heated in a water-bath to 40—50° 
jnder 14 mm. pressure. The water distilled over, carrying with it 
lome chloroacetone and its impurities, together with a very small 
[uantity of thiocyanoacetone (0'35 gram). 

The residue was dried in a vacuum over sulphuric acid, and 
nalysis showed it to be nearly pure thiocyanoacetone (108 — 109 
rams = 95 per cent, yield). 

Purificatim of Thiocyanoacetone . — Thiocyanoacetone cannot be 
listilled without decomposition in the ordinary vacuum of the 
'ater-pump— about 14 nun. (Tcherniac, Ber., 1892, 25, 2625). It 
istds, however, unaltered under a pressure of about 1 mm. A 
ortion of the thiocyanoacetone prepared as above was placed in 
n Anschutz distillation flask with collar and sealed-on receiver. 

* Prepared by Fritach’s method (Ber., 1893, 26, 597), using magnesia 
stead of marbie, and carefuliy fractionated. It contained traces only of 
ichloroacetone. 


R R 2 
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Ground in the neck of idle receiver were a U-tube filled 
calcium chloride and potassium hydroidde, and a Hittorf tabs 
i^The apparatus was exhausted by means of a mercury pump 
flask being heated in a water-bath. With purple light k ti,j 
Hittorf tube, most of the oil, evaporating from the surface will 
out visible boiling, passed over at 73-5 — 74-5°, and was collected 
separately. The distillate was . a highly refracting, colourl^s oil 
having D" 1'1892. Analysis gave results showing close agteemejt 
with the formula C4H5ONS. 

On keeping, especially in the light, the oil gradually became 
yellow, and finally dark-coloured. 

Action of Hydrochloric Acid on Thiocyanoacctone. 

It has already been shown that dilute aqueous hydrochloric acjj 
does not produce any great alteration in thiocyanoacetcnt 
(Tchemiac, Ber., 1892, 26, 2618). 

When 5 per cent, of its weight of hydrogen chloride 15 led into 
thiocyanoacetone, kept cool, a crystalline magma is formed whitl 
liquefies on keeping. On extraction with ether, the thiocyaro 
acetone is recovered apparently unaltered. A quite different result 
is obtained when the substance is saturated with hydrogen chloride 

Thiocyanoacetone (115 grams ;1 mol.) was saturated witi 
hydrogen chloride (70 grams), the whole being cooled with rumiig 
water. After the resulting magma had completely liquefied, tie 
syrup was dissolved in 500 c.c. of water, and the solution extricted 
with ether. The latter left on distillation 70 grams of a pilt 
brown oil, which was distilled under 14 mm. pressure from a wsto- 
bath, and gave 40 grams of a colourless distillate passing om 
at 69°. 

In another preparation the solution was distilled in a currect at 
steam instead of being extracted with ether, and gave half tie 
weight of the thiocyanoacetone taken. 

The oil was washed with dilute sodium hydroxide, solution, dried 
over calcium chloride, and distilled. By far the greater part 
passed over at 167 — 167*5°/754*4 mm. 

Found: 0 = 35-99; H,=3-2;N = 10-22;C1=26'43. S=2«8. 

CiHjNClS requires 0 = 35-95; H=2-99; N=10-48; 01=26-59; 

8= 23-97 per cent. 

Apparently this substance is 2-chloro-4-methylthiazole (I), 
CH-S CH-S 

CH.-C CCl CH COl 

y 

N N 

(I.) (II.) 
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homolqgue of 2-clilorotliiazol« (11) (Schatzmann, AnnaUn, 1891, 
261 , 10), the boiling point of which is 144 — 144-5° ’ ’ 

^-Chloro-i-methylthiaiole is a colourless oil boiling at 
167— 167-5°/754'4 mm. and 69°/14 mm.; it has D" r2992. It 
possesses a characteristic odour resembling that of pyridine, and 
slightly alkaline properties; thus, .it dissolves in concentrated 
hydrochloric acid, but not in the dilute acid. It is comparatively 
stable ; alter boiling for twelve hours with a methyl-alcoholic solu- 
tion of sodium methoxide, only one-twentieth of its chlorine was 
removed, and the bulk of the oil remained unaltered. In this 
respect it differs from chlorothiazole, which is said to retain the 
chlorine very loosely. This is not an isolated fact. The chemical 
behaviour of the members of the thiazole group is often so radically 
different from that of their methylated homologues (see Schatz- 
mann, loc. cit.) that serious doubts must arise as to their analogy 
of structure. 

It was found that of the 70 grams of hydrogen chloride absorbed 
by the thiooyanoacetone, 14 grams had been consumed in the 
reaction 

C4H5ONS -t- HCl =C4H4NC1S -t HjO. 

The residue from the distillation of the ethereal extract, together 
with the aqueous solution from which the oil had been extracted, 
alter neutralisation with sodium carbonate and further extraction 
with ether, yielded 25 grams of “ hydroxymethylthiazole ” (after 
purification by crystallisation). 

The action of alcoholic hydrogen chloride on thiooyanoacetone 
will be described later. 


Thiocyanoaceto-ne (tfid Ammonia. 

The so-called hydroxymethylthiazole, which was obtained 
accidentally by Hantzsch and Weber {Ber., 1887, 20 , 3127) in an 
attempt to prepare thiocyanoacetone, owed its formation to the 
circumstance that they had used sodium carbonate for salting out 
the thiocyanoacetone. As has been shown (5er., 1892, 25 , 2619), 
all alkaline substances possess the power of converting thiocyauo- 
acetone into its isomeride. Aqueous ammonia produces exactly the 
same result. Hantzsch's statement (^Annoleii, 1888, 249 , 7) that 
the chief product of the action of ammonia on thiocyanoacetone is 
aminomethylthiazole (thiocyanopropimine) is devoid of all found- 
ation, as may be seen from the following experiments. 

Thiocyanoacetone (115 grams:! mol.) was dissolved in 1500 
grams of water, the solution cooled, and 50 c.c. of 20 per cent. 
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flilded Heat -was evolved, and a yellow resin 
*"Tated After forty hours, the solution was filtered, and to the 
filtrate 172 c.c. of 25 per cent, hydrochloric acid were added, much 

'“Sra^iTll^rn^rttacted with ether i" auto 

matic apparatus (this vol., p. 1090), and the ethereal extract 

e,aporaS in 

ae*^unS''odour of thiocyanic acid distilled ov«. distillate 

TX 1 o" "d dinX’ • •'«« 

tL r«id.. iro. tl<* dW"**!”" d P™) ™ J- 

- :*"ppXd»4¥S“ 

the vellow substance above-mentioned. 

If any aminomethylthiazole had h^n formal it must hav. 
remaps in the hydrochloric acid solution which had been ex- 
remained i J solution was therefore rendered alkaline 

tracted with ether. This somr 

with sodium hydroxide and grams of a dark 

lt;XaX"lhle in hydrochloric acid. The hydroch,™ 

““‘db “rs:r,iX sitrix 

and again filtered. filtrat© was warmed witli charcoal 

which was filtered ^>®- Hrate, hydrochloric acid 

(0-5 gram) “*"1^ J^irlde in excess, and the whole 

was added, toge ® P yellow precipitate was collected, 

left to remain insoluble in water or 

When dry, it weighed 1 0^0 gra , P 
alcohol, and melted at about 
(i;Hsis,HCl).rPtCl. -quires Pt = 3 - 4 Per 

Assuming this to be pure ® ’ f thiocyanoacetone, 

gram of aminomethylthrazole r^ 1 . „„ 

Moreover, as thiocyanate is o quantity of the base owes 

reason to think that even this ^“bu-known action cl 

ite origin to anything more (Norton and 

ammonium thiocyanate on thiocyanoa 
Tchemiac, Ber., 1883, 16, 345). „ jj^ch’s explanation (!»< 

In view of the ^ .‘laSuch der organkhen 
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then converted by combination with free (!) ammonia into amino- 
methylthiazole, must be regarded as invalid, 


The Isomerides of Thiocyanoacetone : Hydrori/methyUhimole, 
or a-Methylrhodim. 

For reasons to be stated later, the so-called hydroxymethyl- 
thiazole will henceforth be known as a-methylrhodim . 

The author has shown (Ber., 1892, 25, 3648) how o-methylrhodim 
is beat prepared from thiocyanoacetone. The same method may be 
used for its preparation direct from chloroacetone. 

To 92-5 grams of monochloroacetone, 1500 grams of water, 125 
grams of potassium thiocyanate (or the equivalent amount of the 
sodium salt), and 30 grams of sodium hydrogen carbonate are 
added. The mixture is shaken from time to time and allowed to 
remain for ten days. A brown resin is gradually deposited, and 
the aqueous solution is filtered off and warmed to 45°. Twenty 
grams of animal charcoal are then added, and the mixture is left 
to remain for two hours and shaken from time to time. It is then 
filtered, and the filtrate extracted with ether in the apparatus. 
On an average, there accumulated in the flask containing the ether 
33 grams of white needles, which, after being washed with ether, 
melted at 102 — 103°. From the ethereal solution, a further 14 
grams .were obtained, making in all 47 grams, that is, approxim- 
ately 41 per cent, of the theoretical yield. 

Instead of extracting with ether, a tedious operation in the 
absence of an automatically working apparatus, the aqueous solu- 
tion can be evaporated in a vacuum from a water-bath, core being 
taken to keep the temperature of the bath below 60° until there 
remain about five parts of water for one of a-methylrhodim. On 
cooling, 76 — 80 per cent, of the substance will crystallise out, and 
the mother liquor may be further concentrated. 

When less water or sodium hydrogen carbonate is used in the 
preparation, the yield is smaller. 

Impure o-methylrhodim is best purified by recrystallisation from 
five times its weight of water at 55 — 60°. Thus, 41 grams of the 
crude product were dissolved in 205 grams of water, the solution 
being shaken with charcoal and filtered warm. The first crop 
yielded 32 grams of needles melting at 102 — 103°. 

By utilising the mode of formation from ammonium thio- 
carbamate (observed by Marchesini, Gaeietta, 1893, 23, ii, 442), 
the preparation of o-methylrhodim can be much more satisfactorily 
accomplished than by the above method. The way there followed, 
namely, heating in an alcoholic solution, is unsuitable as a method 
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of preparation. It required thorough modification to obtain from 

it a simple and practical method. 

Ammonium ihiocarhamate, NH 2 ‘CO'S'NH 4 , is easily obtaineij 
pure by leading carbonyl sulphide into alcoholic ammonia cooled 
with ice The gas is readily absorbed, and a white, crystalline 
powder is soon deposited, which is rapidly collected, washed with 
alcohol and dried in a vacuum over sulphuric acid. Two hundred 
and fifty c.c. of 4-14 per cent, alcoholic ammonia yielded 18'82 

grams of the dry salt. . n i \ , 

The thiocarbamate (U'S grams: about 0-15 mol.) was dissolved 
in a little water, ice added, and 12 c.c. of monochloroacetone (13'95 
grams = 0-15 mol.) were mixed with the solution, and the flash was 
imbedded in ice. Soon a violent reaction took place, when tlit 
ehloroacetone dissolved, the ice meliduB within the flask. Tb 
slivhtly yellow liquid was filtered, and the filtrate (74 grams) hit 
to remain overnight. It set to a paste of yeflowish needfe (Mi 
grams, dry) melting at 101-102». From the filtrate S'S grm, 
were obtained, the total of more than 16 grams representing a yield 
of 93 per cent. The product was easily punfied by oue crystal 

lisation from water. 

This result, compared with the complications attending thepte 
paration from thiocyanoacetone, renders highly improbable tlie 

intermediate phase 

CH,'CO-CH.2-SCN + H20=CHs>CO'CH2-S-CO'NH2, 

suggested hy Hantxsch and Weber (Ber., 1887, 20, 3128) as part 

of the mechanism of the isomerisation. 

a-Methylrkodim and Methyl Sulphate: DmethyMm.. 

2 V sodium hydroxide, and 95 c.c. of methyl sulphaW (1 moL) 
^faily a/ded .cling with wat.. The s JU. — 
with ether in the apparatus. The ethe 

yellow oil which -"“^JV,7;”/„itical solution temperatrn. 

S^llglTt^rTth. even that of the hand 

into two layers, which mixed -8^ “ J ytrate cos- 

shaken mth 10 8-- ;';“n thecame clear again, and Ae 
centrated m a vacuum at 36 , wne distillation W 

concentration continued unti e so u i distilled over »iS> 

weighed 145 grams. (A small quan y 

I water.) To the cold solution a f ^ ir 

preparation was added, and the w o ^ 

a vacuum. Large crystals were gradually formed 
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from time to time. In all, 65 grams were collected and recrystal- 
lised from a small quantity of water. 

In another preparation, the crude product remaining after the 
distillation of the ether was drained on the vacuum pump from the 
,ail which it contained, and was then washed with ether. 

A quantity of crude product (20 grams) which had been kept 
for two years and had become brown and viscid was purified in the 
following manner. It was dissolved in water with the addition 
of 20 c.c. of A-sodium hydroxide and extracted with ether. The 
extract was almost colourless, and the aqueous solution yellowish- 
brown. The ether was evaporated, and left 17'32‘2 grams of oil 
which soon solidified, the temperature rising to 46°. The sub- 
stance was dissolved in ita own weight of water at 25°, and when 
the solution assumed the ordinary temperature (17°), a fragment 
of a crystal was added. Overnight, large crystals separated (10 359 
grams, m. p. 48 — 49°), and from the mother liquor a further crop 
was obtained (5'4 grams). 

The original yellowish-brown solution which had been extracted 
with ether was acidified with hydrochloric acid and again extracted. 
The ether left 1-442 grams of a yellowish-brown oil which did not 
crystallise. 

It appears from the foregoing that it will simplify the purifica- 
tion to add sodium hydroxide to the aqueous solution containing 
the product of the interaction of the sodium salt of a-methylrhodim 
and methyl sulphate before extracting with ether. 

The substance after repealed crystallisations reached a maximum 
melting point, and was then analysed. 

Found: 0 = 46-22; H = 5-81; N = 10-52; 8=25-20. 

C5H7ONS requires 0 = 46-51; H=5-43; N = 10-85; 8-24 80 per 

cent. 

The substance is therefore dimethylrhotiiiu, 

CH3*C,H,0NS. 

It is very readily soluble in water or ether, and 
crystallises from the former in large, transparent 
prisms or plates melting at 49—50 . 

The strong tendency of this substance to form 
large, well-defined crystals created a desire for the IIO 
determination of its crystallographic characteristics. 

This work has been kindly undertaken for me by 
Mr. G. M. Bennett, to whom I tender my warmest 
thanks. His report is as follows : 

“Crystallographic eaamination of dimethylrhodim. 

Crystal system : monoclinic ; holohedral class. Habit . ^ 

B 
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prismatic, with elongation parallel to the c-axis. Axial angle = 98°li' 
Axial ratios: ffl:6:c = 2-580;l:l-874. Forms observed; (100), (HO)^ 
(001), (lOl ). There is a well-marked cleavage in the plane (lOfl), 
“The following are the regular measurements: 


100-110 

Observed. 

68 “ 37 ' 

Calculated. 

110-110 

42 51 


100-001 

8149 

— 

001-101 

38 40 

as 4 a 

lOO-lOl 

59 28 

— 

001-110 

86 68 

87 1 

101-110 

7911 

79 20 

" The faces of the crystals 

were rather dull through abrasion, 

ticularly the small ones, sc 

t that some of the values are a 


uncertain.” 


Hydfolysis of Diiiitthylfhodiiin. 


The substance (2'58 grams) was heated with 10 c.c. of hydm 
chloric acid (D 119) for two hours at 140“ in a sealed tube. There 
was considerable pressure on opening the tube, and the escaping 
gas had an odour of hydrogen sulphide and mercaptan, The con- 
tents of the tube were washed out with water and distilled, vhen 
some oil, apparently chloromethylthiazole, passed over wift the 
water The residual liquid was rendered alkaline and distilled 
into hydrochloric acid so long as the evolved vapours gave an 
alkaline reaction. 

Part of the hydrochloride was obtained as such. After crystal- 
lisation, it gave 01 = 52-26, whilst CH5-NH,.,HC1 requires 01=52-28 
per cent The remainder was converted into the platinichloride, 
which contained Pt=41-12, whilst (CHs-NH^.HCl),?^!, requires 


Pt=41-32 per cent. , .v, , 1 1 

No other base than methylamine was observed, and the total 
amount represented more than 90 per cent, of the theoretical. 

It appears, therefore, that the methyl group introduced into the 
molecule of o-methylrhodim is attached to the nitropn atom^ 

An attempt to prepare an 0-ether from «-methyIrhodm by t 
action of methyl iodide on the silver salt was unsuccessful. Th 
alkaline solution is, indeed, precipitated by silver 
precipitate conaste chieHy of silver sulphide, part of the substa 

being destroyed. 


a-Methylrhodim ami Phosphorus Pentachloride. 

o-Methylrhodim, which can be crystallised from 
chloride without any alteration, was dissolted 
little more than the equivalent quantity (1 mo .) P 
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pentacWoride added, and the mixture heated to 50°. Hydrogen 
chloride was evolved, and a product was formed which was purified 
by repeated crystallisation from benzene. 

Found: S= 21*74. 

C^HtONClS requires S=21*40 per cent. 

The chloride consists of pale brown, radially grouped acicular 
crystals melting and decomposing at 144°. It dissolves in dilute 
sodium hydroxide solution with a slight evolution of heat and the 
loss of the whole of its chlorine. On saturating the alkaline solu- 
tion with carbon dioxide, a fine mud is deposited, which shrinks 
on drying to brown, brittle nodules (about 70 per cent, of the 
weight of the chloride) not melting at 220°. 

The constitution of this product will be considered later. 


fhiocyanoacetone and Alcoholic Hydrogen Chloride: 
0-Meihylrhodim. 


Hydrogen chloride (75 grams) was led into a mixture of thio- 
cyanoacetone (115 grams:! mol.), alcohol (115 grams), and water 
(18 grams). On the following day, the mixture was placed in a 
vacuum ovei sulphuric acid and sodium hydroxide, and allowed to 
remain for several days. The brown residue (162 grams), contain- 
ing a few crystals, was removed with water and extracted in the 
automatic apparatus. After some time, crystals began to appear 
both in the flask of boiling ether and in that of the aqueous solu- 
tion. The extraction was continued for eight days until the 
crystals in the latter had disappeared. By that time, an abund- 
ance of crystals had accumulated in the ether flask, along with 
some brown oil. The latter was decanted with the ether, and the 
crystals were washed with ether and alcohol. The crystals 
(38 grams, dry) were dissolved under a reflux condenser in 
grams of boiling water, charcoal was added, and the solution 
filtered hot. On cooling, white crystals were gradually deposited 


(33 grams).* , . 

The same substance was formed when a-methylrhodim was le t to 
remain for a long time in contact with concentrated hydrochloric 
acid, preferably in the presence of alcohol. A mixture of 1 
grams of a-methylrhodim, 50 grams of hydrochloric acid p 1 19), 
and 25 c.c. of alcohol yielded more than 3 grams of the substance. 

Found: C=41-41; H = 4*54; N=-ll*93; 

C^HjONS requires 0=41*74; H=4*35; N = 12*17; S-2r*83 p. 


♦ From the mother liquors chloromethylthiazole (18 grams) and .-methyl- 
chudim (25 grams after purification) were obtained. ^ 
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The substance, another isomeride of thiocyanoacetone, is najuej 
3-methylrhodim. 

^-Uethylrhodim is deposited from hot water as a white, crystal 
line powder ; from alcohol by slow crystallisation in stout, colourless 
quadratic plates melting at 183—184°. It dissolves in about 20 
parts of boiling water and in about 475 parts at 15°. It is fay 
readily soluble in boiling alcohol, less so in cold, and sparingly ^ 
in ether. When submitted to prolonged extraction in tic 
apparatus with a relatively small quantity of ether, it accumulates 
in the boiling solvent and separates gradually in fine, colourless 
transparent plates. . ' 

It is readily soluble in alkalis, and is precipitated therefrom tv 
acetic acid. 


0-Meihylrhoditn and Hydrochloric Acid. 

|3-Methylrhodim (3'45 grams) was heated with 30 c.c. of hydro, 
chloric acid (D 1'19) for two hours at 100° in a sealed tube. Iletf 
was no pressure on opening the tube, and the yellow solution yielded 
3 grams of a-methylrhodim, together with a minute quantity (O'Oti 
gram) of white crystals, which separated from the ethereal extract. 
They shrank, became brown at 250°, and did not melt at 265”, 
Whilst, therefore, ^-methylrhodim is formed from n^rhodim under 
the influence of cold hydrochloric acid, the inverse conversion takes 
place almost completely at a higher temperature. 

Thioryanoacelone and Sodium Hydrogen Sulphite; 
hoMethylrhodim. 

After prolonged heating of thiocyanoacetone on the water-batli, 
it was found to contain a crystalline substance, different from tie 
then known derivatives. The same substance Vas obtained by tie 
action of alkali hydrogen sulphites on thiocyanoacetone, and, after 
many attempts, a method was perfected which allowed it to le 
prepared with certainty and in a state of purity. 

The action of free sulphur dioxide may he described first. 

A solution of thiocyanoacetone (11'5 grams) in 150 grams of 
water absorbed 37 grams of sulphur dioxide, of which 26 grains 
were lost when the solution was left in a vacuum at the ordinary 
temperature. The solution was then extracted with ether, and 
yielded only 0'45 gram of a yellow oil. The extracted solution ms 
concentrated to 20 c.c. in a vacuum on a water-bath at 40 . ” 

residue, whicli still had the odour of sulphur dioxide, was again 
treated with ether, and yielded 8'24 grams of fairly pure thiocyano- 
acetone. 
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It would appear, therefore, that a sulphonio acid posseasing a 
certain degree of atahility is formed. 

Quite different is the behaviour of thiocyanoacetoue towards 
alkali hydrogen sulphites when they contain no free sulphur 
dioxide. 

Thiocyanoaoetone (230 grams; 2 mols.) was added to a mixture 
of 2160 c.c. of water and 360 c.c. of a 27-8 per cent, solution of 
sodium hydrogen sulphite, which was neutral towards methyl- 
orange. The temperature rose IP. The solution was shaken with 
charcoal and filtered rapidly through a folded filter. After two 
days there was an abundant crystallisation. The crystals were 
collected (72 grains, dry) and recrystalliscd (66 o grams, dry) from 
1450 grams of boiling alcohol. 

Found; 0 = 41-70; H=4-29; N=12-05; 8 = 27-66, 

C4H5ONS requires 0 = 41-74; 11=4-35; N = 12-17; 8 = 27-83 per 
cent. 

The substance has therefore the composition of thiocyanoacetone, 
and is a third isomeride of that compound; it will be named 
isomethylrhodim. 

isoMethylrhodim is remarkable for its great power of crystallisa- 
tion and cparing solubility in cold water or alcohol. It requires 
16 parts of boiling and 400 parts of cold alcohol. It crystallises 
from alcohol in white, long, brilliant, interwoven needles melting 
at 127—128® 

It dissolves slowly in dilute sodium hydro.xide solution, but with 
decomposition. When the orange-coloured solution is treated with 
carbon dioxide, it evolves hydrogen sulphide and deposits after a 
time a sparingly soluble salt (sodium cyauiirate!). 

The sodium hydrogen sulphite used for the preparation of 
Momethylrhodim does not act solely as a catalyst. Part of the 
aqueous mother liquor from which the fsomethylrhodim had been 
separated, and containing a trace only of sulphuric acid, was dis- 
tilled with hydrochloric acid, and the distillate collected in a 
receiver containing water and sodium hydrogen carbonate. A por- 
tion of the distillate was oxidised with bromine, and the sulphuric 
acid produced was estimated gravimetiically. The result revealed 
the consumption of 56-13 grams of sodium hydrogen sulphite, a 
little more than one molecule for four molecules of thiocyano- 
acetone. 


Preparation of hoMeihylrhodim from Chloroacetone. 

Monochloroacetone (92-5 grams : 1 mol.) was stirred for two and 
a-half hours with 190 c.c. of a 47 per cent, solution of sodium 



1082 TOHBENIAC : THIOCYAlfOAClITONE AND ITS 

thiocyanate, cooling with water, when sodium chloride began t« 
he deposited, A solution of 60 grams of crystallised potasaiuj, 
hydrogen sulphite in 300 c.c, of water was added, when nearly all 
dissolved, and the stirring was continued for half an hour. After 
two days, the yellow needles (44*27 grams, dry, m. p. 124 — 1250 ^ 
containing some oil, were separated and recrystallised twice from 
700 and 500 grams, respectively, of boiling alcohol, yielding, 
finally, 34*285 grams of white needles melting at 127—128°, 

When sodium hydrogen sulphite solution was used instead of the 
crystallised potassium salt, the yield was much lower. 

The various quantities of oil obtained in the different prepara- 
tions were found to consist chiefly of thiocyanoacetone. 


isoMethplrhodim and Hydrochloric Acid: Dithmylamine. 

Concentrated hydrochloric acid acts slowly on i'somethylrhodim at 
the ordinary temperature, but rapidly on heating. MoMethylrhodim 
(23 grams) was boiled with 200 c.c. of concentrated hydrochloric acid 
and 66 c.c, of water under reflux for twenty minutes, when some 
hydrogen chloride was evolved. About half the liquid was then 
distilled oS, a yellow oil passing over with the distillate. From tie 
latter, ether extracted 1*5 grams of oil. 

To the orange residue in the distillation flask, 300 grams of water 
were added, the whole was boiled for some time, filtered from a 
yellow resin, the solution treated with charcoal, and filtered hot. 
On cooling, faint yellow, efflorescent needles were deposited (10'2 
grams, anhydrous), which were dissolved in 115 c.c. of boiling 
8 per cent, hydrochloric acid, the solution being shaken with char- 
coal and filtered hot. On cooling, long, yellow, prismatic needles 
separated, which were collected and washed with the same dilute 
acid. After being pressed between filter paper, they weighed 131 
grams; they contained water of crystallisation, as well as some 
hygroscopic moisture. Ill a vacuum over sulphuric acid and sodmm 
hydroxide, they effloresced to a powder and lost about 27 per cent, 
of their original weight. For analysis, some of the substance was 
recrystallised as above. 

Found: C = 39*09; H-4*53; N = 16*69; Cl = 14*57; 8=26*09, 
CgHjNjSj.HCl requires C = 38*79; H = 4*04; N = 16*97; a-14'34; 

25-86 per cent. 

Found: H20=27 00. 

CgHjNjSj.HChfiHjO requires H,0 = 26*67 per cent. 

The substance is a hydrochloride, the acid of -which can 

estimated by titration. . , -i 

The compound crystallises in pale yellow need es w ic 
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Jose their water of crystallisation, crumbling to a fine, yellow 
powder which does not melt at 250°, but appears to sublime and 

decompose. 

One part of the anhydrous salt is soluble in 46 25 parts of water 
at 26° and in 3 — 4 parts of hot water. The hydrate is fairly 
soluble in concentrated and sparingly so in dilute hydrochloric acid. 
The latter is a very convenient solvent for its purification ; thus, one 
part of the hydrate (equal to 0-733 part of the anhydrous salt) dis- 
solves in about 9 parts of hot 10 per cent, hydrochloric acid, whilst 
it requires more than 130 parte of the cold acid of the same 
strength. It separates from alcohol as a yellow, crystalline powder. 

The Bate, CjHgNjS^. 

The aqueous solution of the hydrochloride is precipitated by 
alkali hydroxides, when these are not in excess, or by alkali 
carbonates. 

The hydrochloride (57 grams) was dissolved in 2600 grams of 
water, the slightly turbid solution filtered, 115 c.c. of 2.V-sodiuin 
hydroxide were added to the filtrate, and the white, voluminous, 
caseous precipitate was collected (48 grams, dry, instead of the 
theoretical 48'6 grams, m. p. 148—150°). 

The 48 grams were recrystallised from 340 grams of hot alcohol. 
On cooling, yellowish, asbestos-like needles were deposited (38-4 
grams, dry, m. p. 150—151°). The mother liquor yielded a further 
quantity (8-8 grams). 

Tor analysis, the substance was twice recrystallised from a mix- 
ture of benzene and light petroleum. 

Found; 0 = 45-37; n = 4-.57; N = 19-69, 19-74. 

CsHjhlsS., requires 0 = 45-49; H=4-27; N = 19-90 per cent. 

The base crystallises from the above solvent in almost white, 
spherical clusters of needles; from alcohol, in felt-like aggregates 
of long, silky needles melting at 153—154°. It dissolves in about 
5 parte of hot and 37 parts of cold alcohol. It is msoluble in water 
or alkali carbonates, but soluble in alkali hydroxides. 


DeUrmnation of Molecular Weight by the Cryoscopic Method. 


Weight of 
solute. 
Gram. 

0*1077 

0*1659 

0*1107 

0*1674 

Weight of 
of solvent. 
Grams. 
12-945 

19-630 

Nature 
of solvent. 
Benzene 

Nitroberweiie 

A. 

0*13'’ 

0*20 

0*105 

0-172 

M.W. 

313*6 

313-8 

351*6 

357*5 


CtHiNjS, requires M.W. = 2ll, 

Average 

334-0 
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Detei'mination of Molecular Weight by the EhulUotcopc Method 
0 1939 Gram of substance in alcohol. Constant for 100 c.c. = 15.5 


Rise in 

Grams 


temperftture. 

in^lOO c-c. 

M.W. 

0110® 

2-938 

416-7 (t) 

0137 

2-620 

298-3 

0-120 

2-365 

307-4 

0107 

2-164 

314-0 


Average 

334-0 


The average happens to be the same by both methods, but tte 
individual results are too divergent to make the average appear 
conclusive; it corresponds approximately with 1-5 times the simple 
formula CgHjNjSj. Since this formula cannot be multiplied tj 
1 ' 5 , the only recourse is to double it, unless, indeed, we admit 
molecular aggregation in solution, a phenomenon which does not 
appear uncommon in the case of complicated compounds. 

A determination by Zerewitinov’s method (Ser., 1907, 40, 2023; 
1908, 41, 2233) of the active hydrogen in the base, in pyridine 
solution, cold or hot, gave respectively 1-274 and 1'476 atoms of 
hydrogen per molecule of the formula CgHgNjSo. Of course, it is 
not impossible that the substance undergoes a far-reaching change 
under the influence of magnesium methyl iodide. 

As -will be seen later, when the structure of the group C 4 H,NS 
is discussed, the base is probably dithiazylamine, (CjH^NSjjNH, 


Examination of the OH. 

The oil, the second product of the action of hydrochloric acid on 
fsomethylrhodim, was distilled under 14 mm. pressure several times, 
when it passed over at 94 — ^97° (mostly at 96 — 97°), each time 
leaving a residue and undergoing slight decomposition. It would 
no doubt distil unchanged under still lower pressure. 

As was to be expected, the results of the analysis were only 
approximate. 

Found: C = 4914; H=5-67; S = 45'24. 

C 3 H 4 S requires 0 = 50-00; H = 5-55; 8=44-44 per cent. 

Hetermination of Molecular Weight by the Cryoscopic Method. 

In Glacial Acetic Acid. 


■Weight of solute. 
Gram. 
01530 
0-3792 


Weight of solvent. 
Grams. 

20-91 


A. M.W. 

0-206“ 139-2 

0-515 136-3 


0-5322 


0-720“ 

C,H,8.., requires M.W. = 144- 


137-8 
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The formula, CjHjS, has therefore to be doubled. A deter- 
mination by the ebullioscopic method gave the number 188. 

The compound is a colourless, highly refractive oil having a 
characteristic odour reminiscent of turpentine. It dissolves in con- 
centrated sulphuric acid, yielding an orange-coloured solution which 
is not precipitated by water. 

The formation of this substance, jointly with that of the base, 
may be accounted for as follows; 

6G4H5ON S = 2C8HJN3S3 -I- CeHsS, + 2CO2 + 2 HjO . 

About two-thirds of the quantity of the base to be expected 
from this equation is obtained and one-third of the amount 
indicated for the compound, CjHgSj. 

The structural formula of CjHgS, may be represented by I, and 

CHg-tjllCH-lJ CHiCH'S 

S'CH:C-CH, S— OHICIl 

4 3 2 

(I.) (11.) 

if the ring (II) be termed thien, the compound, CijHgSo, will be 


isoMethyfrh<x/ffn ami Mclkyl Iodide. 

Five sealed tubes each containing 7 grams of fsomethylrhodini, 
10 grams of methyl iodide, and 20 grams of methyl alcohol were 
heated for three hours at 125*^. On opening the tubes, the escaping 
gas had a fishy odour and contained carbon dioxide. The brown 
liquid, containing needle-shaped crystals, was removed with methyl 
alcohol and distilled from a water-bath. The residue (53'75 grams) 
was boiled with 750 c.c. of water, the solution filtered from a black 
tar, and boiled with charcoal. On cooling, a mixture (3'835 
grams) of compact crystals (*4.) and of fine needles was deposited 
and separated mechanically; the latter proved to be unaltered 
i.'omethylrhodim . 

The mother liquor was reduced by distillation to about 250 c.c. 
Along with the water, a small quantity of a malodorous oil and 
some solid matter passed over, which gave an ethereal extract of 
0'622 gram. 

The aqueous residue from the distillation was boiled with animal 
charcoal and filtered hot. On cooling, crystals (r4 grams) similar 
to (A ) were deposited. 

The filtrate was now concentrated to 50 c.c., and yielded a further 
quantity (2-67 grams) of the same substance. The final mother 
liquor (5) will be mentioned later. 
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The three orystalliaations of (A), together weighing 
7 grams, were dissolved in 400 grams of boiling water, the solution 
treated with charcoal, and filtered hot. The crystalline deposit 
(4-406 grams, dry) was recrystallised from 135 grams of water, and 
yielded 3-467 grams -of long, colourless, massive crystals not meH. 
ing at 265°. When heated on platinum, they sublimed without 
melting (Found: C = 27-80; H=2-53; N = 33-09. CHON requires 
C = 27'90; H = 2'33; N = 32-72 per cent.). 

The substance has therefore the composition of cyanuric add, 
the properties of which it possesses. Thus, it gives Hofmam’j 
reaction with sodium hydroxide and Wohler’s with copper sulphate. 
The final mother liquor (B) was distilled in a vacuum to dry- 
ness, and the residue (23-51 grams) crystallised from alcohol. 
White plates (13-07 grams) were obtained which volatilised com- 
pletely at about 220° with the evolution of iodine (Found: 
0 = 18-15; H=4-54; 8=15-47; 1 = 61-54, 62-13. CjHjSi requirts 
C = 17-65; H=4-41; 8 = 15-68; 1 = 62-25 per cent.). 

The compound is therefore trimethylsulphine iodide. 

It thus appears that under the influence of methyl iodide at i 
comparatively low temperature, ifomethylrhodim undergoes com- 
plete disruption. 


CompiXTtxtive Examination of the Three Tthodima. 
Determination of Molecutar Weiijht by the Cryoscopic MetM 


a-MethyIrhodim, m, p. 103—104°. 


Weight of 
solute. 
Gram. 
01342 
00845 
0*3380 
0-3412 

Weight of 
solvent. 
Grama. 
21-385 

27-925 

Nature of 
solvent. 
Nitrobenzene 

Glacial acetic acid 

A. 

0-26’’ 

0-14 

0-405 

0-40 

M.W. 

173-8 

183-8 

lU-1 

117-1 

Average, 

178-8 

115-e 


B-Melhylrhodim, m. p. 183 — 184°. 



0094 

0-1604 

22-005 

»» 

Glacial acetic acid 

0-1 10” 
0-14 

151-4 

203-0 

177-1) 


ieoMeihylrhodim, m. p. 

127—128°. 


0-1080 

0-079 

19-57 

Nitrobenzene 

0-106” 

0-065 

378-0 

404-7 

391-35 
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Determitiat^on of Molecular Height by the Ebullioscopic Method. 
In alcohol : constant for 100 c.c., 15-6. 

Preliminary tests with acetanilide gave an average M.W. = 157 
instead of 135. 


a-Methylrhodim, m. p. 103— 104° ;0-3312 gram. 


Rise in temperature. 

Grains in 100 

c.c. M.W. 

Average. 

0-620* 

5-018 

126-2 

, 

0-554 

4 476 

126-0 



0-496 

4039 

127-0 



0-440 

3-680 

130-5 

127-4 

^-M ethyl rh odim , 

m. p. 183- 

-184°: 0-2175 

gram. 

0-155“ 

3-295 

331-6 


0-137 

2-939 

334-7 



0-125 

2-652 

331-0 



0-110 

2-417 

342-7 

336-66 

iioMe thyl rhodi m j 

. m. p. 127- 

-128°: 0-1732 

gram. 

0-078* 

2-624 

524-8 

_ 

0-070 

2-340 

' 522-0 

— 

0-060 

2-112 

540-1 

■ — 

0-052 

1-924 

577-2 

543-1 


C 4 H 5 ONS requires M. W. = 1 1 5. 


Owing evidently to anomalies of aggregation, the results are 
not 80 conclusive as might be desired. a-Methylrhodim has cer- 
tainly the simple molecule C 4 HJONS, whereas there is some un- 
certainty concerning the two other isomerides. The author is 
inclined to regard 3-methylrhodim as 2 (C 4 H 50 NS) and isomethyl- 
rhodim as 4(C4H50NS), the structure of the ring, C4H5ONS, not 
being necessarily the same in the three isomerides. 


Constitution of the Three Methylrhodims. 

The socalled mcso-hydroxymethylthiazole has, according to 
Hantzsch and Weber {Ber., 1887, 20, 3127), the structural formula 
I, which is that of a tertiary alcohol or phenol. The only fact 

CHg-C C'OH CHg-C CO 



\/ 

N 

NH 

(!•) 

(II.) 


adduced by Hantzsch and Weber in favour of this formula was the 
alleged formation of meso-aminothiazoles by the action of ammonia 
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or primary bases. Later, however, Hantzsch had to adaiit tit 
complete indifference of that compound towards ammonia or organi, 
bases, having discovered that the reacting substance was thiocyajj. 
acetone alone. This, and similar facts which were gradually 
evolved in the study of the aminothiazoles, led to these substanc^ 
being represented as perfect models of tautomerism, bydrojj. 
methylthiazole being endowed with a ketonic double (II), ia 
of the absence of properties commonly possessed by ketones, as had 
been pointed out by Hantzsch and Weber themselves. 

The author’s long acquaintance with hydroxymethylthiazole ha; 
failed to reveal to him a single fact pointing to the presence ol 
either a hydroxyl or a carbonyl group in that compound, p 
behaves neither as an alcohol nor as a ketone, and it affords no 
justification whatever for the assumption of tautomerism, tkt last 
resort of a formula in difficulties. Furthermore, the action of 
phosphorus pentachloride, which, as has been shown, leaves tkj 
oxygen intact, whilst it introduces chlorine into the molecule, 
makes the presence of either a hydroxyl or a carbonyl group at 
least improbable. The two formnl® (I and II) are, however, not 
only improbable, but impossible, as is proved by the study of tie 
hydrolysis of the methylated derivative, CHyCiHjONg, which tte 
author has succeeded in obtaining in a state of purity. Indeed, 
this substance would have to be represented as 

CH--S CH— 8 

CHyC 6-0-CH, CH,’C CO 

\/.. 


The first of these formulse is that of an 0-ether which can give 
no methylamine on hydrolysis; neither can a substance possessing 
the second formula, since the N-CH, group is in the position 3, 
which, as Traumaiin {Annal^n, 1888, 249 , U) has shown m tie 
case of 2-imino-3;4.dimethyl-2:3-dihydrothiazole (HI), P* 
ammonia on hydrolysis, but no methylamine. 


CH— S 

cH.-c c:nh 

\/ 


N-CH, 

(HI.) 


CH— 8 

CH.-C c:nh 

\/ 


0 

(IV.) 


The compound, CHyCAONS, on the contrary, gives a quanti- 
tative yield of methylamine. -g 

We are thus led to the conclusion that the Jj, 

the position 2, which brings us to the formula IV J 
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methylthiazole.” A compound of this structure may be derived 
from thiocyanoacetone if it is assumed that the latter passes into 
the enolic form, that a hydrogen atom then migrates, and, finally, 
that the chain is closed. 


CH-S 


CH~S 

II I 

Io*C C:N 

\ 

OH 


CH-S 

c:nh 

\/ 

o 


It appears, therefore, that the substance which has been known 
since 1887 as hydroxymethylthiaaole is not a thiazole at all. It 
might be called 2-imino-4-methylthioxole, but for the sake of 
simplicity, and in .view of the now proved existence of two other 
isomerides of thiocyanoacetone, it seems preferable to adopt the 
generic name rhodim for this class of compounds. 

Thus, hydroxymethylthiazole becomes o-methylrhodim; the 
isomeride melting at 183 — 184®, jS-methylrhodim ; the isomeride 
melting at 127 — 128°, isomethylrhodim. 

It has been shown that the first two caii be easily converted into 
one another. They stand, therefore, in the closest connexion and 
have to be considered as structurally analogous, the only difference 
being in the size of the molecule, that of the |S-isomeride being 
probably double. 

The same cannot be said of tsomethylrhodim ; its chemical 
behaviour, which is quite different, goes to show that it possesses 
one of the formulae formerly claimed by o-methylrhodim, 

CH— S CH--S 

II T or II I - . 

CH.-C C-OH CHj’C CO 

Y Y 

more likely the latter. A glance at it shows pre-existing the frag- 
ments, CHg-ClCH-S, -CO-NH-, ete., into which the compound 
can be made to deijompose. The formula is, of course, not simple , 
it would have to be multiplied probably by 4, which could cause 
it to rank with cyanuric acid, the identity of which with tetra- 
carbamide has been recently demonstrated (Walters and Wise, J. 
Amer. Chem. Soc.j 1917, 39, 2472). 


The base, ditbiazylamine, CsHgNsSg, which is formed from 
i^oniethylrhodim by the action of hydrochloric acid, may be lepie 
senled by the formula V, which makes it appear as the parent sub- 

CH— S S CH 

CHg-C C-NH-C C'CH. CHg-C C*NI--C C-CHg 

^/ ■ Y Y 

^ (V.) ^ 
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stance of the ammonium hydriodide, obtained l, 

Hantzsch and Weber (fler., 1887, 20, 3131) in small quantity / 
the action of methyl iodide on aminomethylthiazole, to which, start 
ing from another direction, they assigned the structural formula V] 
The chlorinated derivative of o-methylrhodim, CjHjONClS 
may be 


cci-s 

CBL'C c;nh 

\/ 

0 


or 


CH“S 

cHj-H c;nci 
\/ 


0 


more likely the first. 

Labobatoby fob Cheuicax. Bbsbabch, 

49 , Palace Road, Steeatham Hill, 

London, S.W. 2 . [ftecctwd, July ls(, 1919 j 


XCllI . — An Automatic Extraction Apparatus. 

By Joseph TeaEnNUC. 


The extraction apparatus described by the author (Ser,, 1893, 
25, 3652), and frequently mentioned in the preceding paper, tas 
undergone so many changes in the course of time that it seems 
desirable to give an account of it in its present shape. 

The working of the apparatus is very simple. Of the two Hash 
shown in the diagram, the smaller one receives the ether and ii 
heated in a water-bath ; the large two-necked flask contains tie 
solution to be extracted; it can be fllled through the opening (161 


of the tube (13), which is also used for siphoning olf the exhausted 
liquor. The capacities of both flasks may vary within very vide 
limits, from a fraction of a litre to several litres. The two-nected 
flask is placed in a vessel through which cold water is run ; it is 
then filled nearly to the neck with the liquid to he extracted, the 
tubes (16 and 13) are closed, and ether is poured in through the 
opening (17) of the tube (5). The ether flows through the tube (4) 
to the bottom of the flask, rises in the aqueous liquid and in the 
annular space between the tubes (3 and 2) (see enlarged inset), and 
descends through the tubes (6 and 7) into the small flask, fillinf 
the seal (9) ; through the condenser (10) a little mercury is poured 
to prevent any leakage of ether from the tap (8). 

When the water-bath is heated, the vapour of ether raises the 
liquid ether in the seal to a certain height in the tube (6). e® 
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also passes through the tube (2) to the bottom of the two-necked 
flask, where it is condensed; the liquid ether then returns through 
the tubes (3 and 6) and the seal into the small flask, Any aqueous 



liquid carried over with the ether returns through the tube (4) into 
the two-necked flask. 

By regulating the flow of water in Ihe vessel (15), c empe a 
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ture of the aqueous liquid can either be kept quite low or allowej 
to rise more or less. 

The joints are very simple and efficient. As seen in the skettl 
(inset), the outer tube is very slightly conical (18), and the innet 
tube, which is little less in diameter, is provided with a short 
length of rubber tubing (19), which, on being pressed into ti( 
conical opening of the outer tube, makes a perfectly tight joint. 

The mercury trap (11 and 12) is connected with the apparatus 
after the air has been expelled by the vapour of ether ; it pierejts 
losses of the solvent by diffusion. 

The apparatus may be used equally well for the extraction of 
solid substances by means of ether, chloroform, etc. In this can, 
the two-necked flask may he comparatively small, and the tube 
(!) must be provided with a thimble or filter to arrest any particle; 
of solid that may be carried over by the solvent. The cap oi tMs 
tube is ground in. 

When the apparatus is properly put together and in good order, 
it may be safely left to work overnight, the requisite condition for 
its satisfactory working being steady, uniform boiling with entire 
freedom from all tendency to “bumping." This is secured hytte 
well-known device of introducing into the ether flask small tete 
hedra of platinum. 

Little ether is lost except that dissolved in the aqueous solution, 
and if care is taken before extraction to saturate the latter vitk 
sodium chloride, the loss of ether is rendered still smaller.* 


In conclusion, I wish to express my thanks to my assistant, lb. 
H. A. Steinmann, for the preparation of the excellent diagram of 
the apparatus which is the subject of this paper. 


Labobatoby for Chemicai. Research, 
49, Palace Road, Stbeatham Hill, 
London, S.W. 2. 


[Received, Jvly Isi, 1919'] 


• The apparatus cau be obtained from Messrs. Baird & Tstlock (London] 
Ltd., 14-15, Cross Street, London, E.C. 1. 
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XCIV.— I^e Constitution of Carhamides. Part IX. The 
Interaction of Nitrous Acid and Mono-suhstituted 
Ureas. The Preparation of Diazomethane, Diazo- 
ethane, Diazo-n-butane, and Diazoisopentane from 
the Respective Nitrosoureas. 

By Emil Alphomsb Werner. 

KiTBogoMETHTLUBEA, obtained by von Briining {Bcr., 1888, 21, 
1809), was the first example of the preparation of a nitroso-deriv- 
ative from a mono-aubstituted urea, and its formation has been 
supposed to take place in accordance with the equation 

NH2-CO*NH*CH3+HN02 = NH2*CO*N(NO)*CH3 + H.O. 

Later, nitrosophenylurea, and the corresponding m- and p-tolyl 
and ^naphthyl derivatives, were prepared by Walther and 
Wlodkowski (/. pr. Chem., 1899, [ii], 59, 285). 

Assuming the carbamide configuration, it mu.st be admitted that 
the format’ on of a nitroso-derivative is rather surprising and 
requires some explanation, since it would be natural to expect that 
the amino-group would be at once attacked with complete decom- 
position of the urea, thus: 

{a) ^THs-CO'NHR + HNO. = K -t CO.> + NH^R -f H.O. 

Moreover, the yield of nitroso-derivative was not sensibly affected 
by an addition of an excess of nitrous acid to the substituted urea, 
nor had nitrous acid any further action on the nitroso-compound 
when once formed. The latter, therefore, could not contain an 
amino-group. 

A quantitative study of the change involved has brought to 
light some interesting facts bearing on the question of the con- 
stitution of mono-substituted ureas, whilst the nitroso-derivatives 
examined are of more than ordinary interest, since they are likely 
to prove most useful substances for the simple preparation, and 
study, of the reactions of diazomethane and its homologues. 

When methylurea in aqueous solution (A/5) was treated with 
nitrous acid in the presence of sulphuric acid, there was an 
immediate violent evolution of nitrogen and carbon dioxide, which 
ceased after a few seconds. This was quickly followed by the 
separation of crystals of a nitroso-derivative, the yield of which 
was, in round numbers, equal to 90 per cent, of the theoretical 
(Bxpts. 1 and 2)'. 

In the case of ethyl-, w-butyL, and woamyburea, whilst similar 
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phenomena were, observed, ^the yields of the respective nitrojj. 
derivatives were approximately 76, 67, and 48 per cent, oi tl, 
theoretical. 

With benzylurea and phenylurea, respectively, where it 
necessary to use a relatively large proportion of pure acetic acid to 
effect solution, 42 and 33 per cent, of the theoretical proportiot, 
of the nitroso-derivatives were formed. 

The remainder of the respective ureas was decomposed according 
to equation (a), as proved by the evolution of larger volumes ot 
carbon dioxide and nitrogen in proportion to the lower yields of 
nitroso-derivatives, and since the velocity ot reaction (a) vk 
greater than that which gave rise to the latter compounds, tie 
evidence goes to show that the proportions of each substituted urei 
present in solution with a true “ carbamidic " structure must be 
different. 

In connexion with this point, it is important to note that tie 
tendency to form a nitroso-derivative falls as the electropositive 
character of the hydrocarbon radicle diminishes. In the ligit of 
the facts just stated, this reaction is properly represented thus: 

(h) OH'C(:NH)-NHR + HO-NO= OH-C(:NH)-N(NO)E + HiO, 
An outstanding property of the aliphatic nitroso-derivatives ii 
their immediate decomposition by alkalis, which in the case of tie 
methyl derivative takes place quantitatively, as follows : 

(c) OH'C(:NH)-N(NO)'CH 3 -f NaOH = NaOCN -t CHjNj+ 210, 
This change,* together with several other reactions descriled ii 
the experimental part, supports the above constitution. It follows, 
therefore, that, so far as their behaviour towards nitrous acid is 
concerned, mono-substituted ureas in acid (sulphuric, hydrochlorit, 
or nitric) solution are present in two forms in equilibrium, thus; 

(A) NH,-CO-NHR = 0H-C(:NH)'NHE (S) 

the proportion of each form being regulated by the electrochemical 
nature of the radicle (K)- 

Methylurea, for example, must he very largely presented te 
attack in the form (5), the formation of a salt of the type 

oh-c(:nh)-nhr,hx 

being promoted by the presence of the strongly electropositive 
methyl group. Phenylurea, on the other hand, is mainy pie^" 
in the form (A), since the tendency to salt-formation is ere 
tinctly feeble. 


* The secondary reaction, resulting from the decomposition 
by water, is not considered here, and is dealt mth ater. “ , ,,,(1 

ethyl, n-butyl, and vaoamyl compounds, some olefines are p 
the diazo-derivative. 
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Further evidence in favour of the above view was found in the 
fact that mono-suhstituted ureas were directly attacked by nitrous 
acid in solution alone, even at a concentration of iV/18, and whilst 
the velocity of the reaction at this low concentration was bound to 
be slow, it was quite appreciably proraoted by the presence of a 
weak acid, such as acetic, particularly at concentration N jh 
(Expt. 3). 

In this respect, the substituted ureas differed markedly from urea 
itself (compare T., 1917, 111 , 864), and whilst the velocity of the 
reaction was slow, the end result was much the same as in the 
presence of a strong acid. 

The probable existence of a cyclic form of the urea capable of 
giving rise to either forms (.4) or [B) by migration of hydrogen, 
thus : 

NtlR H 

/ .NHR 

HjN'ClO ^ HNICX 1 I RN:C( 

^0^ \0H 

U-1 (0.) (B.) 

must be taken into consideration as a likely condition in a neutral 
solvent or in the presence of a weak acid . The diminished velocity 
in the reaction with nitrous acid under such conditions becomes 
intelligible, since form (C), like urea itself, would not be attacked 
by the reagent. Whilst the behaviour of di- and tri-substituted 
ureas towards nitrous acid is under investigation, it may be men- 
tioned here that nitrosodiethylnrea, NHEt‘CO'NEt*NO, readily 
furnished diazoethane on treatment with either sodium hydroxide 
or sodium ethoxide. 


Experimental, 

IntcTociion of Nitrous Acid and Mcthylurea. Preparation and 
Properties of Nitrosomethylurea. 

Alt the gasometric experimente described were performed in a 
Lunge nitrometer, and, for the sake of brevity, only the volumes 
corrected to N.T.P. are given in each case. 

Expt. 1.— 0-074 Gram of methylurea and 0-Q72 ♦ gram of sodium 
nitrite (equal molecular proportions) were dissolved in 3 c.c. of 
water, and 2 c.c. of iV-sulphuric acid added. The concentration 
was A/5. After one minute, there was sudden separation of 
crystals (the nitroso-derivative), and the evolution of gas at once 
ceased. 

* The equivalent of 0-069 gram of pure sodium nitrite. 
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Vol. of N2=2'3 c.c. = 10-26 per cent, of the theoretical for eq^j. 
tion (a). Theory=22'4 c.c. N^. 

The gas was expelled from the nitrometer, and 2 c.c. of 15 
cent, potassium hydroxide solution were added to the residue. 
There was instant violent evolution of gas of a deep yellow colour 
(CHjNa), which gradually became colourless after remaining over 
the aqueous solution for some time. 

Vol. of N 2 = 20-12 c.c.=89-82 per cent, of the theoretical for tlie 
formation of the nitroao-derivative according to equation (S) 
Theory = 22-4 o.c. N 2 . 

ISxpt. 2.— 0-074 Gram of methylurea and 0-144 gram of sodium 
nitrite were dissolved in 2 c.c. of water (HNO 2 to methylurea^ 
2:1), and 3 c.c. of V-sulphuric acid added. 

Vol. of N 2 = 2-4 c.c. ==10-71 per cent, of the theoretical. 

After addition of potassium hydroxide solution to the residue, 
vol. of N2=19-95 c.c. = 89-06 per cent, of the theoretical for tie 
nitroso-derivative, the yield of which was therefore unaffected by 
an excess of nitrous acid. 

Expl. 3.— 0-074 Gram of methylurea and 0-072 gram of sodium 
nitrite were dissolved in 17 c.c. of water, and 1 c.c. of A-sulphuric 
acid was added. The concentration was A'/ 18, and no free 
sulphuric acid was present. The evolution of gas was very slow, 
and at the end of twenty hours vol. of N 2 = 1'6 c.c. = 7-14 percent. 


of the theoretical. 

Vol. of N 2 = 17-88 c.c. (after addition of potassium hydroxide)^ 
79-82 per cent, of the nitroso-derivative formed. 

Whilst the reaction in this case was not completed after 
twenty hours, the results prove that methylurea is directly attacked 
by nitrous acid alone on the same lines as in the presence of a 
strong acid. When an excess of acetic acid was present, the rear 
tion was completed in about ten hours with results similar to those 


described iu Expts. 1 and 2. 

The following procedure was found most suitable for the pre- 
paration of nitrosomethylurea on a larger scale. 

Methylurea (44'4 grams) and sodium nitrite (43-2 grams) were 
dissolved in 400 c.c. of water- contained in a wide-mouthed bott.e 
of 1200 c.c. capacity partly immersed in ice-cold water. co 
solution of 30 grains of pure sulphuric acid in c.c. of waj 
was gradually added, the liquid being well stirred. Af 
hours, the nitroso-derivative, which had separated, was co . 
washed, and dried in a desiccator; it weighed 49^^ P*™*- 
filtrate (and washings) was extracted twice with 80 c^c. 0 j 
from which solvent, after distillation at a Sf ‘I®, ^ or 

the nitroso-compound were obtained. Total yield i 
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33-5 per cent, of the theoretical. On account of the vigorous evolu- 
tion of ges end the simultaneous separation in microcrystalliue 
form of the nitroso-compound, the latter was almost entirely carried 
to the surface as a thick froth; for this reason, the use of a flask 
should be avoided. 

When sulphuric acid was replaced by about twice its equivalent 
of pure acetic acid in the above preparation, the nitroso-compound 
separated in highly refractive, tetragonal prisms, there was much 
less frothing, but it was necessary to allow the preparation to con- 
tinue for not less than twenty-four hours before the maximum 
yield was attained, which even then was about 10 per cent, less than 
when sulphuric acid was used. Whilst individual crystals of 
uitrosomethylurea appear quite colourless, in bulk the compound 
has a pale buflt colour rather than yellow, as described by von 
Bruning (foe. cit.). The crystals are readily soluble in alcohol, 
acetone, or ether, moderately so in benzene or chloroform, and 
almost insoluble in cold water. 

On exposure to sunlight, the compound gradually loses its buff 
colour and becomes pale sea-green; beyond a fall in the melting 
point, this change had no apparent effect on the general reactions 
of the substance. 

When an alcoholic solution of uitrosomethylurea was heated to 
the boiling point, it was gradually decomposed, thus ; 


OH-C{:NH)-N(NO)-CH,-> Nz+CHs’OH+HNCO ^ HOCN. 

Ethyl allophanate was produced as a result of the interaction of 
cyanic acid and ethyl alcohol. 

In connexion with this decomposition, a curious difference was 
found in the stability of specimens of uitrosomethylurea prepared 
in the presence of sulphuric acid and of acetic acid respectively. 

Exft. 4. — (a) A solution of 5 grams of nitrosomethylurea (acetic 
acid preparation) in 70 c.c. of alcohol was boiled under reflux; the 
buff-yellow colour of the solution gradually disappeared, and, after 
two hours, the solution was colourless. On cooling, ethyl allo- 
phanate, identified by its melting point (191°) and properties, 
separated, and the amount ultimately obtained was 2-28 grams, or 
71-24 per cent, of the theoretical (tlieory=3-2 grams from 5 grams 
of nitrosomethylurea). (b) A similar experiment with a speomen 
prepared in sulphuric acid solution gave, after two 
Lt., and after three hours only 40-94 per cent, of the theoretitel 
yield of ethyl allophanate. For the present, no explanation can be 
offered for this apparent anomaly, which has been verified with 

several specimens. . 

Nitrosomethylurea melted at 121° (crystals from ether), and in 
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contrast to the foregoing change was violently decomposed 
follows ; 

{d) OH-C(:NH)-N(NO)-CH3=N2+CHs-NCO + H20. 

Most of the jsooyanic ester was obtained as the polyaeride 
(CH3"NC0)3, which melted at 177° (Hofmann gives 176°). ' 


Preparation of Diazomethane from Nitrosomethylurea. 

In order to obtain the best yield of diazomethane in solution it 
ether, either of the following methods can be recommended. 

Expt. 5. — Nitrosomethylurea (10-3 grams) in microcrystalline 
form was introduced into a round-bottomed flask of about 100 c c 
capacity, 50 c.o. of pure ether (distilled over sodium) were pouted 
down the side of the flask, which stood in melting ice, and, tvitl. 
out delay, 20 c.c. of 70 per cent, potassium hydroxide solution were 
quickly added drop by drop, while a quiet, circular motion m 
given to the flask. After about ten minutes, the deep goldej. 
yellow, ethereal solution was decanted. It contained 3’2 grams of 
diazomethane, determined by the iodine method, which was equal 
to 76'2 per cent, of the theoretical for equation (c). 

Whilst it was not possible to avoid decomposition of a consider- 
able proportion of diazomethane by the water generated during 
the reaction, the effect was slightly reduced by altering the order 
of procedure; thus, when nitrosomethylurea was added in portions 
of about 0'5 gram at a time to very concentrated potassium hydr- 
oxide solution lying under the surface of ether, a solution of diazo- 
methane was obtained which contained 78 — 79 per cent, of the 
theoretical. 

In studying the use of diazomethane as a methylating agent, it 
has been apparently the universal practice to employ the substance 
exclusively in ethereal solution. This has obviously a serious dis- 
advantage, on account of the limitations of ether as a solvent for 
many types of organic compounds. There seems no reason why this 
practice should be so rigidly adhered to, as shown by the following 
experiments. 

Expt. 6. — To a solution of r03 grams of nitrosomethylurea in 
40 c.c. of pure alcohol, a molecular proportion of sodium ethoxide 
in 10 c.c. of alcohol was added. Sodium cyanate was immediately 
precipitated, accompanied by a quiet evolution of nitrogen, which 
ceased at the end of about fifteen minutes, and a rich yellow solu- 
tion of diazomethane was obtained. To 5 c.o. of the solution placed 
in the nitrometer, 10 c.c. of water were added ; there was immediate 
brisk evolution of nitrogen, while the liquid became colourless. 

Vol. of Nj (measured over water) = 17'91 c.c. Hence for tota 
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solution = 179'1 ®-0' Tl'6ory=224 e.c. Therefore the solution con- 
tained 79'9 per cent, of the theoretical proportion of diazomethane. 

JSx'pt. 7. — solution of 0103 gram of nitrosomethylurea in 
3 c.c. of alcohol was introduced into the nitrometer, and 0'068 
gram of sodium ethoxide in 2 c.c. of alcohol was added. 

After twenty hours, only 4-5 c.c. of nitrogen (corrected for 
pressure of alcohol vapour) were evolved. 

The gas was expelled from the nitrometer, and 10 c.c. of water 
were added, when there was immediate rapid evolution of nitrogen. 

Vol. of N 2 = 16'84 c.c. (Theory=22-4 c.c.) 

The solution therefore contained, after remaining for twenty 
hours, 75'3 per cent, of the theoretical amount of diazomethane. 

It will be seen from the equation, 

OH-C(:NH)-N(NO)-CH3-i CjH5-ONa=NaOCN + CHjNj-h 

H^O-^C2H5•OH, 

that whilst the amount of water produced was theoretically capable 
of decomposing all the diazomeihane formed, its effect was greatly 
suppressed by the presence of a relatively large volume of alcohol. 
It may be mrutioned that results very similar to those recorded 
in Expt. 7 were obtained when diazomethane was generated in the 
presence of pure methyl, propyl, n-butyl, and fsoamyl alcohol 
respectively. Moreover, since there was no evidence of the form- 
ation of an ether (R-O-CHj), it must be concluded that diazo- 
methane does not attack the hydroxyl group of an alcohol. 

The chief point of practical interest arising out of these observa- 
tions lies in the simple application of the reaction as a method for 
studying the properties of diazomethane under more favourable 
conditions. In the case of a neutral substance, for example, it 
may be dissolved in alcohol,* together with a small excess of nitroso- 
inethylurea ; on addition of the requisite amount of sodium 
ethoxide, diazomethane is instantly generated in situ with the 
substance to be attacked . 


Decomposition of Nitrosomethylurea by Ammonia. 

When an alcoholic solution of ammonia was added to a similar 
solution of nitrosomethylurea cooled to 0°. there -was vigorous 
evolution of nitrogen, and a colourless solution was obtained. 
After a few minutes, a certain quantity of acicular prisms 
separated, which were identified as ammonium cyanate. As the 

• Pure alcohol which has been finally dried by adding to it a small quantity 
of an ethereal solution of diazomethane may be used with advantage. 
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temperature was allowed to rise, the crystals redissolved. Ti;, 
primary reaction was as follows. 

0H-C(:NH)-N(N0)-CH3 + NHs=NH40CN == CONs,H4 + 

Nj+CHj'OH. 

Three experiments gave yields of urea which varied from 42 to 
53 per cent, of the theoretical. Methylurea and a small quantity 
of os-dimethylurea (which melted at 181 ) were separated from 
the mother liquors ; these were the result of (1) the me%lation of 
ammonia. CH 2 N 2 + NH 3 =CH 3 -NHs, + N 2 , and (2) the further 
methylation of methylamine to dimethylamine. As the reaction 
progressed, each amine decomposed a portion of nitrosomethylurea 
according to the above equation. The further study of these reac- 
tions will form the subject of a future communication. 


The Spontaneous Decomposition of Nitrosomethylurea. 

It may be worth while to point out that no specimen of nit...^ 
methylurea could be kept unchanged for more than about firs 
months. Oue preparation (about 30 grams), stocked in a daii 
brown, glass-stoppered bottle, decomposed spontaneously after 162 
days although only three days previously several grams remorfid 
for the preparation of diaaomethane behaved in a normal maimer, 
The decomposition was on the lines of the change produced by heat 
(equation d), and whilst much trimethyl isocyanurate was formed, 
a viscous product freely soluble in water was generated, the nature 

of which has not yet been elucidated. 

The behaviour of a number of other substituted ureas towards 
nitrous acid is shown below. The experiments were carried out as 

described under Expt. 1. Deoompoeition Yield of 

Vol. of N, according to nitroBO- 

evolved. equation (o). dmvativs. 

For cent, Ter tent. 

, B.'i 23-66 

1. Ethylurea » * 32 jl) 

2 . n-Butyl^ { ” Bl.jS 48-67 

3 . iscAmylurea U » 42'10 

i. Benny lotea 33-22 

Nitrosoethylurea, prepared in a J 

derivative, was obtained in pale bnS-yellow, hexagona' olatea 
melted at 103-104°. Diazoethane was obtern^ on _ ^ 
wiUi potassium hydroxide according to equat on ‘ J , 

1 eint of 14-77 per cent, of the theoretical was srmultano 

^°^)*0&C(:NH)-N(N0)-C3Ha-f KOH = KOCN + 
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A very good yield of diazoethane in ethereal solution was readily 
jnepared by the method described under Expt, 5, 

yilroso-Ji-hutyhirui* CsHnOjNj, formed almost colourless, 
hexagonal plates which melted at 85®. Diazo-n-hutane was 
obtained as an amber-coloured, mobile liquid with a stupefying 
odour by the direct addition of nitroaohutylurea to 70 per cent, 
potassium hydroxide solution cooled to 0®; butylene and nitrogen- 
were simultaneously formed to the extent of about 30 per cent, of 
the theoretical on the lines of equation (e). 

Ifitrosoisoamylurea, was obtained in minute, pale 

buff, unctuous, platy crystals which melted at 74®; since isoamyl- 
urea is sparingly soluble in water, it was necessary to use 30 per 
cent, acetic acid as solvent in the preparation of the nitroso- 
derivative. 

Difiioiaopentane, C 5 H]oN 2 , was obtained as a dark brown oil of 
unpleasant odour by the addition of potassium hydroxide solution 
to the nitrosourea. 

yitrosohemyluTea, CjHjO^Ns, which was prepared by the action 
of nitrous acid on benzylurea dissolved in 50 per cent, acetic acid, 
formed many-sided prisms which melted at 101®; these were in- 
soluble in water, but readily soluble in alcohol or ether. 

Phenyldiazomethane, CgHj-CHlNj, separated as a deep reddish- 
brown oil on the addition of the nitroso-corapound to a 70 per cent, 
solution of potassium hydroxide. 


Summary. 

(1) The interaction of mono-substituted ureas and nitrous acid 
in two directions, with (a) production of nitroso-derivatives, and 
(6) the complete disruption of the molecule, is explained by the 
presence in solution of two structural forms of the urea in 
equilibrium. 

(2) The nitroso-derivatives are shown to have the constitution 
OH-C(:KH)'N(NO)K, and their formation is promoted in propor- 
tion to the electropositive character of the radicle (R) in the 
Jriginal urea. 

(3) The aliphatic nitroso-derivatives are decomposed by alkalis 
»ith the production of diazo-derivatives of the paraffins in very 
;ood yields. 

* n-Butylurea, C,H,jONj, from which the nitroso-derivative was obtained’ 
las not been hitherto d^ribed. It was readily obtained by evaporating at 
^00° an aqueous solution of n-butylainine hydrochloride and pot^sium 
^yanate. It formed crystals which melted at 86* and were readily soluble 
u water or alcohoh 

VOL. CXV. 8 8 
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(4) It is sliown that diazomethane and its 
conveniently prepared in alcoholic solution fo 
reactions. 

University Chemical Laboratory, 

Trinity College, 

Dubun. [Received, July ^ 
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XCV .—Dyes Derived from Quinolinic Add. 

By Pkaphdlla Chandra Ghosh. 

The object of the present investigation was to prepare dyes from 
quinolinic acid analogous to the phthaleins, and to compare Him 
colour and fluorescence. That quinolinic acid condenses will 
phenol and resorcinol has, indeed, been mentioned by Noeltiig jjj 
Collin (Her., 1884, 17, 258), but few details were given, andtli 
products were not analysed. A compound from quinolinic acid 
and hydroxyquinol has been described by Liebennann and Wolblisj 
(Ber., 1902, 35, 1786). In the present work, the condensation oi 
quinolinic acid with resorcinol, catechol, phloroglncinol, 
m-phenylenediamine, m-dimethylaminophenol, and 2 : l-diaidncf 
phenol has been effected. These condensations take place vital 
the use of any condensing agent by simply heating the two con- 
stituents together. 

In comparison with the corresponding phthaleins, the eSect oi 
the presence of the nitrogen atom in the ring 'is to lighten tie 
colour and to diminish the fluorescence. In this series of com- 
pounds, the greater the power of an auxochromic group to deepen 
the colour, the greater is its effect on fluorescence. The componnd 
obtained from quinolinic acid and jn-dimethylaminophenol has tie 
deepest colour and is the most strongly fluorescent. 

Dyes analogous to hydroxyantbraquinones have not yet ben 
prepared, but work in this direction is being continued. 

Expebimentau. 

Quinolinic acid was prepared by oxidising a solution of quiflohna 
(10 grams) in acetone (150 c.c.) with a 5 per cent, aqueous soluti™ 
of the theoretical quantity of potassium permanganate at about I 

If the manganese dioxide is dried in the air, powdered, an 
extracted with alcohol, the solution, on concentration, deposi 
yellow needles melting at 71 — 72® This substance is insou 
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alkali hydroxides and volatile with steam. The amount obtained 
was sufficient only for an estimation of nitrogen : 

01145 gave 17-6 c.c. Nj at 31° and 756 mm. N = 1716 per cent. 


Quinolinanil, 


Half a gram of quinolinic acid and 2 c.c. of aniline were heated 
on the sand-bath for ten to Bftcen minutes, when the whole of the 
acid dissolved. On cooling, crystals separated, which were collected 
and washed with alcohol. They formed colourless, prismatic needles 
melting at 248—251° (Engler, Ber., 1894, 27, 1789, gives 228°) 
(Found; N = 13'4. CJ 3 HJO 2 N 2 requires N = 12'60 per cent.). 


QuinolinylphenylhydrazitH, 



Half a gram of the acid was heated with 2 c.c. of phenylhydr- 
azine for about ten minutes. The clear solution, on cooling, 
became syrupy, and on adding alcohol, crystals were obtained which, 
when collected and washed free from phenylhydrazine, melted and 
decomposed at 237 — 238°; 

0'099 gave 15'9 c.c. Nj at 31° and 755 mm. N = 17’68. 

CjjHjOjNj requires N=17'55 per cent. 


Uemrcindlquinolinem, 


/\ 


,^\0H 


^\/, X^Aoh 

CO-0 \_y 


Two grams of quinolinic acid and 4 grams of resorcinol were 
heated at 180 — 200° for two hours. Some violet colouring matter 
sublimed, which might have been due to the formation of a sub- 
stance resembling 1 : 3 -dihydroxyanthraquinone. On cooling, the 
fusion was extracted with alcohol, and the dye was precipitated from 
the alcoholic extract with water. It could not be crystallised. If 
melts and decomposes at 266—267°. It is Buorescent in alcohol, 
acetone, or toluene, and aqueous potassium hydroxide gives an 
orange-green fluorescence; . 

0T020 gave 0-2550 00^ and 0-032 HjO. C = 68 -l; H = 3-48, 
C 19 H 11 O 5 N requires 0 = 68-46; H = 3-33 per cent. 

6 S 2 
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The silver salt was prepared in the ordinary way: 

0-2132 gave 0-1092 AgCl. Ag=38-6. 

C.QHqO.NAg, requires Ag-39 5 per cent. 


CaiechoigutuoKn ein . 

This compound has not yet been obtained in sufficient quantitj 
for analysis. It is prepared and purified in the same way as % 
above compound. It dissolves in aqueous potassium hydroxide 
with a greenish-blue colour. 


Phloroglucindquinohnein, 


OH 



On 


Two arams ot quinolinic acid and i grams of phloroghciaol were 
at 130-150° for about ten minutes. At first the mixtnre 
Llted the colour changing to red, and then the whole solved, 
On crystallisation from water, a red compound melting and d-. 
posing at 275-277° was obtained, which was very readily sokbl. 

0-\'o^gave 0-2277 COj and 0-0289 H^O. 0=621 ; H=3-21. 

C.,Hi,0,N requires 0 = 62-46; H-3-01 percent. 

If the solid mass is dissolved in alcohol and tlie solution » 
centrated a pale yellow, crystalline compound is obUmed wU 
does not melt at 295°. It dissolves in aqueous potaBsiiim hydrosi e 
iith a yellow colour like the hydroxybeuzophenones, and is » 
Teadily soluble in water than the compound jus descnbed. Itl. 
not bin obtained in sufficient quantity for analysis. 


in-l'heni/lenetliamnequimUiieiii, 



One gram of quinolinic acid ^ at 

hydrochloride were heated slowly 

for twenty to . fhl solution was 

extracted with alcohol and filtered, the 
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Ihe dye was obtained in a pure state by adding ether to the 
alcoholic solution. It melts and decomposes at 232 — 235° ; 

0'103 gave 16'4 c.c. at 30° and 758 mm. N = 16-73. 
CijH^OjN^ requires N = 16-97 per cent. 


ja-DimetKylaminophenolquinolinein, 


/V/O""' 

\/r< <> 

^NMe; 


Quinolinic acid (0-7.5 gram) and «i-dimethylaminophenol (1-5 
grams) were heated at 120 — 130° for fifteen to twenty minutes, and 
then the temperature was slowly raised to 150°, when heating was 
stopped. The mass was extracted with alcohol, and the dye pre- 
cipitated from the solution with water. When crystallised from 
dilute alcohol, it melted and decomposed at 148 — 151°. The 
alcoholic solution shows a reddish-violet fluorescence, which is 
deeper in acetic acid or alcoholic hydrochloric acid : 

0-1062 gave lO'S c.c. N™ at 32° and 751-4 mm. N = 11-1. 

CjjHjiOjNj requires N = ll-5 per cent. 


_C)H 

/\ 

2:i-I)iaminoplieno!qiiinolitiein, jjf jjpi 

' \/ \xTTT 

CO-0 \ /Nffs 

OH 

One gram of quinolinic acid and .3 grams of 2 : 4-diaminophenol 
hydrochloride were slowly heated to 180° and kept at this point 
for a few minutes. The dye was extracted by boiling with alcohol 
and filtering from the unchanged diaminophenol hydrochloride. It 
was purified by dissolving in alcohol and precipitating with water, 
but could not be crystallised. It does not melt at 290°. The 
compound is reddish-brown, and its solution in alcohol is 
fluorescent : 

0-101 gave 13-8 c.c. Nj at 30° and 756 mm. N = 15-37. 

CigHjiOiNi’ requires N = 15-47 per cent. 

In conclusion, I beg to express my great indebtedness to Sir 
P. C. Bay for the loan of 200 grams of quinoline. 


Ckemicai, Laboratory, 
Dacca College, 
Bengal, Indu. 


[Received, July SUt, 1919.] 
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XCVI . — Sodium Hypochlorite. 

By Malcolm Peecival Applebey. 


SoDitJit HYPOCHLORITE in a solid form was first obtained br 
pratt and Shrapnell Smith, of the United AlkaU Co., Ltd in tt 
course of investigations directed towards the preparation of ' 
concentrated solutions {J. Sac. Chem. Ind., 1898, 17 logg. lo!? 
18 , 210; 1903, 22 , 591). Their preparations were obtained i,' 
cooling concentrated solutions, and had a composition correspond 
ing approximately with a hexahydrate. The product melted ' 
its water of crystallisation at 20°, and the fusion was unstable p 
could be dehydrated slowly by means of a current of dry air nndei 
diminished pressure, and had then a melting point of 45°, buttle 
results were deemed to be of no commercial value, and the investi- 
gations were accordingly discontinued. 

It was suggested by Mr. Mnspratt that a complete investigation 
of the hydration and solubility relationships might furnish intom- 
ation of both scientific and industrial value, and a preliminar 
survey of the field has accordingly been made. This has alreajj 
yielded results of some importance, which are the subject of thii 
communication. They are to be regarded as provisional, and nil’ 
be followed at a later date by a systematic phase-rule treatment. 


Preparation and Properties of Muspratl’s Hydrate. 

The hypochlorite solutions were prepared by treating 35 per cent, 
sodium hydroxide solution cooled in ice-water with chlorine, 
removing the precipitated sodium chloride, adding sodium hydr- 
oxide equivalent to the sodium chloride separated, and repeatin' 
the treatment with chlorine until the solution was about 5Jf when 
tested with neutral sodium arsenite solution. On a few occasion!, 
preparations were lost owing to spontaneous transformation to 
chlorate and chloride. Such transformation, when it sets in, taka 
place with extreme rapidity in concentrated solutions, and is 
accompanied by the evolution of considerable quantities of gu 
consisting of both chlorine and oxygen. The transformation to 
chlorate can, however, be prevented by observing the three au- 
ditions laid down by Mnspratt and Shrapnell Smith, nsmelj, 
(1) low temperature; (2) absence of iron or other heavy wteh 
which act as catalysts; (3) presence of excess of free alkali, ft 
solution, which has been freed from precipitated sodium chloride,® 



applebey: sodium hypochloeite. 1107 

now cooled to about -10° in a freezing mixture and induced to 
crystallise, either by shaking or by impregnating with a crystal 
from a previous preparation. The hypochlorite then separates as 
a mass of very fine, hair-like crystals filling the whole liquid, whilst 
the temperature rises considerably. When the whole has again 
reached the temperature of the freezing mi.xture, the crystals are 
separated from the mother liquor by suction through a Biichner 
funnel without filter paper or asbestos, the form of the crystals 
being such as to make their retention easy. The crystals are 
pressed down to remove adhering mother liquor, and then appear 
to be colourless at the top, although the mass in the lower part of 
the funnel is green, owing to the presence of mother liquor, which 
cannot be entirely removed, being formed anew by deliquescence 
during filtration. The crystals liquefy at temperatures varying 
between 18° and 19°, according to their purity. The fusion is not 
quite transparent, but becomes so at a somewhat higher tempera- 
ture. This behaviour, in conjunction with the subsequent separa- 
tion of a lower hydrate on cooling, appears to show that the hydrate 
does not melt completely, but undergoes a transformation at about 
19° to a lower hydrate, formed in very small quantity, and its 
saturated solution, which has almost the same composition as the 
original crystals. 

Analysis of the crystals gave somewhat unsatisfactory results, 
since, owing to the low melting point and rapid deliquescence, it 
was difficult to secure a sample in a sufficiently dry state. After 
several trials, it was found best to filter off a small quantity in a 
Gooch crucible without asbestos, and to break up the crystals in 
the crucible with a spatula while the suction continued. All 
attempts to dry the crystals with filter paper failed, owing to the 
rapid oxidising action on the paper, which resulted in the develop- 
ment of heat, and after a time led actually to charring of the 
paper. For analysis, the substance was weighed out and dissolved 
in water, and aliquot parts of the solution were titrated agamst 
arsenite for active chlorine and against silver nitrate and thi^ 
cyanate for total chlorine after reduction of the hypochlorite with 
the correct amount of arsenite solution. The following analybcal 
data refer to two specimens which gave for total chlorine quantiUes 
not greater than would he formed from the hypochlorite present, 
and were therefore free from chloride: 

Sample I, prepared by twice recrystallising after fusion : 

TU47 gave active chlorine 0 ' 40 G 5 = 36’47. 

HoO (by difference) 0-6899 = 62'07, 
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Sample II, prepared by synthesis from the pentahydrate ; 

0'5020 gave active chlorine 0'1807 = 35'99. 

HjO (by difference) 0'3123=62'21. 

NaOC'hTHjO requires active chlorin6=35’36. H20 = 62'83 
cent. 

NaOCliGHjO requires active chlorine=38'85. H20=59-2i 
cent. 

From these data, it would appear that Muspratt's hydrate 
nearer in composition to a heptahydrate than to a hexahydrjtj 
At the same time, the agreement with the heptahydrate formula i 
by no means good, and it may be found on further investigatio 
that more than one hydrate is present in the crystals prepared V 
Muspratt’s method. 

Sodium Hypochlorite Pentahydrate. 

When the cloudy liquid obtained by heating the heptahvdrati 
to 20° is allowed to cool slowly to the ordinary temperature, lari'i 
and well-formed crystals of a new hydrate are obtained. Tl( 
crystals are greenish-yellow, and contain a considerable amount ol 
mother liquor^ when they are broken up in an agate mortar, a 
separation of liquid takes place, and the powdered substance must 
be freed from this liquid by filtration through a Gooch crucible. 

When prepared in this way, the substance gave the following 


analytical results; 

I. 

7T. 

Calculated for 
NaOCl,5H,0. 

Weight of substance 

. 0-3482 gram 

0-3786 gram 

— 

Active chlorine 

. 0-1473 „ 

01616 „ 

— 

„ per cent. .. 

Cl as chloride 

. 42-32 

42-66 

43-10 

0-0000 

nil 

— 

Water (by difference) 

0-1929 gram 

0*2090 gram 

— 

„ per cent 

Losb on heating 

. r>3-40 

65-20 

54-75 

. 63-51 

— 

64-47 


The pentahydrate melts at 27°, and is thus a much more praefr 
able substance than the heptahydrate. The fusion is in this ca* 
also somewhat cloudy, but the nature of the suspension cannot j(t 
be definitely stated. Up to the present, a small amount of decom- 
position has always taken place during melting. The pentahydrate 
is very deliquescent, but the crystals are not unstable at the 
ordinary temperature if kept in a well-stoppered bottle; a f®' 
men kept for more than a week in a corked test-tube in a 
lighted laboratory showed no measurable increase in chloride cot 
tent, although some deliquescence bad taken place. 

The mother liquor from which the pentahydrate has separa 
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may be made to give a further yield of pentahydrate by freezing 
out heptahydrate, heating the latter to 20°, and allowing to 
crystallise as before. By this procedure, there is no difficulty in 
converting at least 50 per cent, of the heptahydrate into the corre- 
sponding amount of pentahydrate. 

Sib LEOLUfE Jenkins Laboratoby» 

Jesus College, 

Oxford. [Received, August m , 1919.] 


XCVII. — Capsaicin. Pari I. 

By Ahthur Lap worth and Frank Albert Eoyle. 

Capsaicin, the pungent principle of the fruit of various species of 
the genus Capsicum, was first isolated in crystalline form by Thresh 
(Pharm. J., 1876, [iii], 7, 21, 259, 473; 1877, 8, 187) and assigned 
by him the formula CjHj^O,. Micko {7,e,ilsck. Nahr. Genussm., 1898, 
818) showed that the substauce contained nitrogen, and as a result 
of analyses aiid inolec.iilar-wciglit determinations deduced the 
formula CijIIjsOj'N’, 

Thresh showed that capsaicin is a phenol, but did not discover 
any other very marked chemical characters; Micko, whose contribu- 
tions are probably of most importance amongst those of subsequent 
investigators, established the fact that the molecule of capsaicin 
contains one phenolic hydroxyl group and one methoxyl group, and 
this, on the basis of his empirical formula, leads to the expression 
C,7H240N(0H)(0-CH3) for the substance. Micko prepared the 
indifferent benzoyl derivative and observed that under certain condi- 
tions capsaicin undergoes slight decomposition, emitting a faint 
odour reminiscent of vanillin. 

A comprehensive bibliography of the subject is given in Thorpe s 
“ Dictionary of Applied Chemistry" (1913, 4 , 559). 

The present authors began the investigation of the subject in 
1914, at which time the only significant data bearing on the chemi- 
cal nature and structure of capsaicin were the facts above cited. 
Their study was greatly retarded by other work arising out of the 
war, and in view of this fact, and especially as the active interest 
in compounds with pungent characters has been manifested in coun- 
tries where scientific research has had no such serious setback as here, 
it is thought desirable to place on record the progress which has now 
been made. 

The authors have examined various methods previously used for 
isolating pure capsaicin from the crude extract made from the seeds. 
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and have worked out a process which combines a number of device, 
some of which are based on details of the processes suggested ty 
previous workers, but as a whole appears especially simple in 
ties. 

The properties of capsaicin which have been described by Threst 
Micko, and by Nelson (CAem. News, 1911, 103, 111) have beej 
confirmed in all essential details, but the analyses made have con- 
sistently pointed to the formula CJ8H27O3N or 

Ci7H230N(0H)(0-CH3), 

and not that proposed by Micko, which contains one more atom of 
hydrogen and is inconsistent with the normal valencies of these four 
elements in carbon compounds. 

The methyl derivative, C,7Ho30N(0'CH3)2, hereafter termci 
methylcapsaioin, has been prepared and characterised ; it is non- 
phenolic and is much less pungent than the parent substance. 

Both capsaicin and methylcapsaicin are feebly basic. They ars 
extremely stable towards hot concentrated alkali hydroxides, bat 
are very slowly attacked by hot acids ; the products of hydrolysii 
have not been determined, but ammonia is always one of then, 
methylamine being entirely absent. The action of phospherus 
pentachloride on methylcapsaicin yields a small quantity of a vola- 
tile, nitrogenous oil ; this the authors suspect to be the nitrile of a 
fatty acid, but have not yet had the opportunity of examining il 
closely. 

Most attention has been paid, in the first instance, to the actlou 
of reducing agents, many of which evidently attacked capsaicin to a 
certain extent (as was evidenced by the ready formation of ammonia 
or ammonium salts), without any obvious general destruction 01 
charring. 

From the more highly purified capsaicin, reduced by means ol 
sodium and ethyl alcohol, ammonia was obtained and also, amon; 
other products, a small quantity of a compound, the bulk of wHcli 
boiled at about 216—217° and had the odour and general properties 


of a fatty alcohol. ^ 

Oxidation of methylcapsaicin takes place readily, and among 0 fi 
products veratric acid, C5H3(0Me)2'C02H, was the most rea i j 
recognised. There was also formed a fatty acid, of which scjrcej 
sufficient was obtained to identify with complete certainty. 

Even disregarding such of the above considerations ^ 

fully substantiated, it is probable that capsaicin is a C-disu s 
derivative of one of the isodynamic forms of dihydro oxazo 


CH 





H 

H, 
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Expehimental. 

Isolation of Capsaicin. 

The ordinary alcoholic extract of capsicums consists mainly of 
gum or dextrin-like compounds, soluble in water, together with sub- 
stances which have the characters of saturated and unsaturated 
carboxylic acids, and relatively small amounts of fats. 

In order to isolate capsaicin from this mixture advantage is taken 
of the fact that capsaicin does not form a stable barium salt when 
it is brought into contact with aqueous barium chloride which has 
been rendered ammoniacal. In the same circumstances, however, 
the free carboxylic acids present in the extract are mainly precipi- 
tated as barium salts which are for the most part insoluble in water, 
alcohol, or ether, or, more especially, in acetone. The gum-liko 
substance present remains dissolved in the water, which retains only 
traces of capsaicin easily recovered by extraction with ether, and 
the bulk of the active principle, together with the fats, is found in 
the precipitate. On extraction of the precipitate with alcohol or 
ether the capsaicin and fats dissolve, whilst the bulk of the barium 
salts are insoluble. These operations, by eliminating the dextrin 
and fatty acids, effect a great reduction in the bulk of material to 
be handled. 

The following are the details of this part of the isolation process 
which the authors have applied to numerous samples of extract of 
West African capsicums kindly prepared for them by Messrs. James 
Woolley, Sons and Co., of Manchester. 

The extract (450 grams) is mixed with hot water (900 c.c.) and 
ammonia (25 c.c.; D 0'880) previously diluted with several times 
its bulk of cold water. On stirring, the whole forms an apparently 
homogeneous solution ; it is heated on the water -hath and 90 grams 
of finely powdered hydrated barium chloride are sifted in very 
slowly with constant stirring. At this stage the liquid, which con- 
tains much brown, semi-fluid deposit, and should have a strong 
odour of ammonia, is allowed to cool and is separated mechanically 
from the bulk of the insoluble deposit, filtered, and extracted with 
ether. The ether is further utilised to extract the deposit, although 
the latter is subsequently washed several times with fresh ether in 
order to secure the whole of the contained capsaicin. The united 
ethereal extracts are evaporated and provide usually about 50 80 
grams of “ concentrated extract” of capsaicin. 

The most satisfactory method of proceeding to the isolation of 
capsaicin from this “ concentrated extract ” is to subject it at once 
to treatment with methyl-alcoholic barium hydroxide in order to 
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destroy impurities of fatty nature. For this purpose the extract j 
dissolved in several times its weight of methyl alcohol, the sohli,, 
heated to boiling, and finely powdered barium hydroxide sifted ii ,j 
intervals until the solution remains alkaline without further additijj 
after several hours’ boiling. Glacial acetic acid is now added cang. 
ously until the solution has permanently lost all alkalinity (towardi 
phenolphthalein), when the methyl alcohol is removed by distilli. 
tiou. The residue is now extracted repeatedly with dry acetone, auj 
the latter recovered by evaporation, when the residue contains praa 
tically the whole of the capsaicin which was present in the origin, | 
extract. A repetition of the last process of extraction with drj 
acetone is perhaps as a rule desirable, as the whole success of til 
application of this solvent for the removal of barium salts depenis 
on the exclusion of moisture, which is not easy to secure in the Jnt 
operation. 

The residue still contains traces of impurities of both neutral ail 
acid character. It is subjected to treatment similar to tliat appliel 
by Thresh to a much more impure material {Pham. J., 1876, [iii), 
7, 260), that is to say, it is dissolved in aqueous sodium hydroxide 
(5 per cent.), the solution extracted with ether to remove tramoi 
neutral material and then saturated with carbon dioxide, when the 
precipitate is isolated by extraction with ether. The precipitate 
yields capsaicin in crystalline form most readily by a deviu 
also employed by Thresh and applied by the present authors as 
follows : 

Crude capsaicin (10 grams) is dissolved in aqueous sodium hydr- 
oxide (100 c.c. of 2 per cent.) and warmed on the water-bath until 
the temperature is about 60°. A warm saturated solution of am- 
monium chloride is then gradually added until a permanent tur- 
bidity is produced. On cooling, crystalline capsaicin is depositel, 
and may be collected. The mother liquor is again treated with 
ammonium chloride solution until the deposition of capsaicin ceases 


Properties of Capsaicin. 

Many of the more evident properties of ca^icin have alrea^ 
been described by previous workers, and in view 
accurate descriptions given by Mioko (foe. cit.) and Ne son ( 
only a few additional notes are necessary here. , 

The most highly purified specimens of capsaicin ^ 

The substance appears to be optically inactive; a soluti ^ J 
1'2146 grams dissolved in benzene and made up to ^ 
appreciable rotatory power in a 2-dcm. tube at 1 j • 
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Analyses of several pure samples were carried out: Found: 
C=71 02, 70-97, and 70-88 ;'H=8-90, 8-85, and 9 01; N=4-7. 
CisHajOjN requires 0=70-8-2; H=8-85; N = 4-6. 

CisHsigOsN „ 0 = 70-59; H=9-15; N = 4-6. 

C 18 H 29 OJN requires 0=70 35; H=9-44; N = 4-6 per cent. 

For the determination of hydroxyl, 0-2437 gram was treated with 
magnesium methyl iodide in amyl ether, 23-2 c.c. of methane were 
evolved at 70^ and 770 mm.; whence OH=5-3, the theoretical per- 
centage being 5-6. 

Capsaicin is sparingly soluble in concentrated hydrochloric acid, 
and the saturated solution deposits it in crystals on the addition of 
water. It is scarcely affected when boiled for several hours with 
60 per cent, aqueous sodium hydroxide, but is appreciably decom- 
posed after several hours’ heating with concentrated hydrochloric 
acid. 

U ethyUapsaiein, C„H.j 30 N (O-CHj) j. 

This compound is prepared by dissolving capsaicin and metliyl 
sulphate in methyl alcohol and then slowly adding excess of a solu- 
tion of sodium hydroxide while the whole is kept cool. After half an 
liour or more the bulk of the solvent is removed, the neutral methyl- 
capsaicin separated from the residual aqueous solution by filtration 
or by extraction with ether, washed, and crystallised from dilute 
alcohol. 

Found: 0 = 71-39; H=9-16. 

CjgHjgOjN requires 0 = 71-47; H=9-09 per cent. 
Methylcapsaicin dissolved readily in most of the ordinary organic 
media with the exception of cold light petroleum ; it is insoluble in 
water or alkali hydroxides. It crystallises from dilute alcohol in 
slender, silky needles melting at 74®, and is much less pungent than 
capsaicin. 

'This derivative appears to be slowly altered by boiling with acetyl 
chloride and it reacts with phosphorus pentachloride below 100 ®, 
yielding an oil containing nitrogen, which is volatile in steam and 
has an odour suggesting that of many nitriles. The authors propose 
to study the products of this reaction in greater detail in the near 
future. Methylcapsaicin does not appear to react with phenylhydr- 
azine, and it is recovered unaltered after prolonged boiling with 
alcoholic hydroxylamiae acetate. 

RtducUofi of Capsamn. 

Both capsaicin and its methyl ether are attacked by many com- 
paratively mild reducing agents, but, as a rule, imperfectly. Am- 
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monia is always one of the products of change, but niethylauijj |, 
never been detected even in traces. Numerous experiments tatu 
been made with the object of identifying the main products tji 
owing to the small quantities of capsaicin attacked the results 
not very decisive. In one experiment, however, 10 grams of caj^ 
saicin were treated with a very large excess of metallic sodium ij 
boiling alcohol; the dissolved sodium was precipitated from tb 
resulting solution as carbonate with the aid of a stream of caibu, 
dioxide and the bulk of the solvent removed by distillation Uuougl 
an efficient still-head. Ammonia, free from all traces of metlu|. 
amine, passed over with the alcohol. From the residue in thesil] 
there was isolated without great difficulty nearly half of the cjp. 
saicin originally taken and also a small quantity of a liquid, volatile 
in steam, having a somewhat fragrant odour of higher fwty alcohol: 
The bulk of this liquid boiled at about 216—217®. As the quautih 
obtained did not admit of purification for analysis the fraction 
216—217° was oxidised by means of dichromate and sulphuric acid 
mixture; the resulting fatty acid was'extracted with ether, boiled 
with thiouyl chloride, and the product shaken with concentrated 
aqueous ammonia. The amide of the acid was obtained in this war, 
and after recrystallisation from water appeared as silvery leaflets 
melting at 98 — 100°. 


Oxidation of Melhylcapsakin with Potassium PermangauU. 

Pure raethylcapsaicin (10 grams) was dissolved in 3 litres of ace 
tone and finely powdered potassium permanganate was very gradu- 
ally added until a permanent pink tinge persisted in the solutioi- 
this operation occupied about two days — the temperature of the solu- 
tion never being allowed to exceed 25°. The manganese dioxide was 
filtered oS and washed repeatedly with acetone, the washings beiu^ 
added to the main filtrate and then evaporated. 

The residue so obtained, which consisted of a viscid, reddish-browu, 
semi-solid oil, was subjected to steam distillation from acid solutiou. 
The distillate contained a very small quantity of a fatty acid, whict 
was isolated in the usual manner ; it was converted into its amide 
and gave a crystalline product, which melted at 98 — 99° and was 
apparently identical with that obtained from the oxidation of tl« 
alcohol referred to in the previous experiment, but the yield 
extremely small and did not amount to more than 0'05 gram. 

The residue, non-volatile in steam, was rendered alkaline wit 
sodium carbonate and then extracted with ether. The etherea sou 
tion yielded slightly more than 5 grams of unchanged met y ®P 
saicin. The sodium carbonate solution after removal of the me J 
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capsaicin gave nearly 2 grams of an acid, vvliicli readily crystallised 
from hot water in hard, flat needles melting at 179 — 180°. This acid 
yielded a chloride melting at 69° and an amide iiieltin» at 163°. 
Veratric acid, chloride, and amide melt at 70° and 164° respectively, 
and when mixed with the above products from methylcapsaicin were 
unchanged in melting point. The acid was dried in the steammven 
and analysed. (Found, C=59‘4; H=5‘4. Cgllj^Oj ret^uires C — 
59-3; H = 5'5 per cent.) 

There is therefore no doubt that the acid was veratric acid. 


Oxidation of Methylcapanicin vikh Chromic Acid. 

Methylcapsaicin was oxidised by a boiling solution of chromic acid 
in dilute sulphuric acid. The liquid was then subjected to a current 
of steam and oily drops passed over. The whole of the distillate was 
rendered alkaline with sodium carbonate and evaporated almost to 
dryness; it was then carefully acidified and an oily acid was liberated 
which was extracted with ether. The product had a strong odour of 
acetic acid and was therefore exposed over solid potassium hydro.xide 
in a desiccator for several days. The odour of the acetic acid dis- 
appeared and gave place to a rather pleasant one recalling that of 
«-nonoic acid. The colourless oil ultimately obtained was cooled in 
ice-water, when it readily solidified to a crystalline mass which 
melted sharply at 12° (nonoic acid melts at 12’5°). It also yielded 
an auude melting at 98 — 99°, which was in no respect distinguish- 
able from the amide of n-nonoic acid prepared from the pelargonic 
acid of commerce. 

The investigation is being continued. 

Chemioal Labobatobies, 

The UiTrvEB.srTY, 

Mabohesteb. [Received^ July 25t/u 1919.] 

Note. — Since the work recorded in the foregoing pages was com- 
pleted, the authors’ attention was called to the paper by Nelson 
{J. Amer. Ghem. Sac., 1919, 61 , 1115), which renders certain of 
their previous views obsolete. 

Inter alia, Nelson has obtained from capsaicin by the action of 
acids and alkalis under pressure vanillylamine and a decylenio acid, 
the latter having a branched chain. He concludes that capsaicin is 
a condensation product of vanillylamine and a decylenic acid. 

The present authors at first suspected that the fatty acid 
repeatedly referred to in their own communication was identical 
with this decylenic acid. They obtained their acid in very small 
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quantities, and the quantity of amide available for a combusf 
only 00921 gram (Found, C = 68-7; H:=12'3. CjH„0N 
C = 68'8; H = 12'l per cent.), whilst its properties as well asth*^ 
of its amide closely resembled those of n-nonoic acid; thug i** 
super-cooled the acid at once solidified when seeded with * ** 
acid, and the amide, as already mentioned, could not'l)^°j'* 
tinguished by appearance or by a mixed melting-point dete ** 
tion from the amide of n-nonoic acid. '**' 


Since the authors’ attention was called to Nelson’s work the 
posed nitrile obtained directly from methylcapsaicin hy the 
of inorganic acid chlorides has successfully been converted bv ** 
of hydrogen peroxide and dilute sodium hydroxide at 40° i 
acid amide melting at 98 — 100°. " ° " 

The present authors are not fully disposed to accept Nelson’s ' 
of the constitution of capsaicin as final. His conception of capsud, 
as an acid amide is not easily reconciled with the somewhat real 
reduction of a f>art of capsaicin to ammonia and an aliphatic sIctIu] 
boiling at about 216—217°; its distinctly basic character and fl 
great stability of the substance towards alkalis are also somewlit 
difficult to understand. They originally hazarded the view tint 
capsaicin was probably a derivative of dihydro-oxazole, and tin 
possibility is not wholly excluded that capsaicin is built with i 
ring structure such as 


ho/ /-Ch/ 


NH'CH 

I: 

0 — U-CjH,.’ 


for under the energetic conditions used by Nelson internal oxid«tm 
or molecular rearrangement would not be. surprising. 


XCVIII . — The Vapour Pressures and Densities ej 

Mixtures of Acetone and Methyl Ethyl Ketone. 

By Tudor Williams Price. 

Much work, both theoretical and practical, has been done on tl( 
vapour pressures of binary mixtures, notably by Duhem, LehHk 
Ostwald, Roozeboom, Zawidski, and Young. It has been showi 
that for binary mixtures the components of which are miscible » 
all proportions, the vapour pressure at any one temperature 
lie between those of the components; it may be higher or M 
than that of either component. 
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If, however, the two com^nenU are closely related, the curvature 
[ the graph, representing the relation between vapour pressure and 
,ncentration for any particular temperature, should not be great 
.ccording to Guthne {PMl. Mag., 1884, [v], 18, 517), if there is 
e heat or volume change on mixing the two components the rela- 
on between vapour pressure and percentage composition by weight 
rpressed graphically, should be a straight line, but this does not 
gnerally bold. 


Van der Waala (Proc. K. Akad. WeUmch. Amsterdam., 1900, 
, 170) considers that, if the critical pressures of the two substances 
re equal or nearly so, and if the molecular weight of each is 
crraal in both the liquid and gaseous states, and If the relation 
iggeste d by Galitane and by Berthelot holds good, that is, if 
. 3 = V' 3 ^. 02 , where represents the attraction of the unlike 
olecules, and and the attraction of the like molecules, then 
le relation between the vapour pressure and molecular composition 
tould be represented by a straight line, that is, 


100 


rhere P, and are the vapour pressures of the mixture and 
he two components A and B at the same temperature, and p is the 
lolecular percentage of liquid A in the mixture. 

This relation has been verified many times, notably by Young, 
or mixtures such as chlorobenzene and bromobenzene, which are 
losely related. When the components are very closely related, 
ut have different critical pressures, the percentage difference 


etween the observed and calculated pressures 


100 P'-P 


for the 


fixtures at any temperatures is very small, even when there is 
lolecular association in the liquid state, as with methyl and ethyl 
Icohol. 

During the course of experiments on the production of cordite, 
sing methyl ethyl ketone as substitute in whole or in part for 
cetone as the gelatinising agent, it was found that some abnormali- 
es were obtained in the volatility of the samples. For example, 
cordite gelatinised by a mixture of equal proportions by weight 
E acetone and methyl ethyl ketone had a lower volatility than 
>rdite made with acetone or with methyl ethyl ketone. This 
lowed that the cordite gelatinised with the mixed solvent dried 
uicker than the others, presumably owing to the fact that the 
3 per cent, mixture of acetone and methyl ethyl ketone has a 
reater vapour pressure than either of its two components. 

This supposition, although unlikely because of the close relation- 
vot. cxv. T T 
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ship between acetone and methyl ethyl ketone, is not 
bounds of possibility, owing to the great difference betwi 
critical pressures, which are given as 52'2 and 60‘0 at 
acetone (Sazotschewsky, in Landolt and Bornstein’s 
and 47'5 atmospheres for methyl ethyl ketone (Grassi, ko,, q ' 
1914, [vi], 7 , i, 313). '*■ 

It was recognised that vapour-pressure measurements of tis, 
solvents and their mixtures would not furnish an absolute jjij 
to the rate of escape of solvent from cordite on drying, becaauij 
the colloidal nature of the latter, but it was thought that uj 
measurements would throw some light on the abnormal behaTin 
of cordite made with mixed solvent when being dried. Attoj 
ingly, a series of vapour pressure determinations were carried 
the results of which are given below. 


Experimental. 

Materials.— Vdi acetone was prepared from commercial atil* 
as follows. After drying and fractionation, it was treated lil 
sodium iodide according to Shipsey and Werner’s method (T,, ISll, 
103 , 1255). The white, needle-shaped crystals of the additn 
compound, NaI,3C3HjO, were quickly collected, pressed belzia 
blotting-paper, and transferred to a dry distilling flask. Ou gulii 
warming, the acetone distilled over. The distillate was dried™ 
fused calcium chloride for twenty-four hours and distilled ttoiji 
a five-bulb column. The fraction o6'15 — o6’2o°/760 mm, ™ 
collected separately, dried again over fused calcium chloride* 
twenty-four hours, and fractionated as before. Practically all ft 
tilled constantly at 36-2O/760 mra. (corr.). 

A sample gave the following results on analysis : 

Acidity as CO* 

„ „ acetic acid 

Alkalitiity as A\'lO-HjS 04 c,c. 

Turbidity with water 

Residue on evaporation ..... 

Permanganate test 

The methyl ethyl ketone was freed from acetone by two waif 
with saturated brine, in which it is not very readily soluble, » 
purified ketone was dried over fused .calcium chloride and J"'" 
ated through a five-bulb column. The fraction 
7g_80° wa.s dried and fractionated again. From this secou 
lation, a fraction boiling at 79—80° was collected separate?, 


= 0-0012 per cent. 
= Nil. 

= Nil. 

= Nil. 

= 0-0003 per cent. 
= 50 minutes. 
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Ugain fractionated In this way, a final fraction was obtained 
ling at 795-79-6=/759 mm. (corr.). The boiling point of 
thyl ethyl ketone is given as 79-57°/ 760 mm. (Marshall T 1906 
, 1375). ^ ’ 

i sample gave the following teats on analysis : 


Aldehydes 

Acidity as CO, ******* 

Alkalimty as i^/lO-HjSO, c.c * 

Permanganate test ] 


Xil. 

0’0002 per cent. 
Nil, 

20 minutes. 


The liquids were kept in tightly stoppered bottles in a dark cup- 

Ipparates.— The apparatus used was designed by Mr. Allan 
rton (private communication). 

:t consisted of two similar barometer tubes connected at the 
tom by a T-piece to each other and to a mercury reservoir, 
ich could be raised or lowered at will. The top of each tube 
i sealed to a piece of capillary tube, longer than the barometer 
«, which was bent over parallel to the barometer tube to which 
vas sealed. The bottom of each capillary tube was bent over 
in dnd dipped into small cups of mercury, 

'he barometer tubes were surrounded by a wide glass tube con- 
ling water, which was circulated and stirred by compressed air 
I kept at a constant temperature. 

'he method of procedure was as follows. Recently boiled 
.rcury was placed in the reservoir, which was then raised until 
> mercury filled the barometer tubes and the capillaries and over- 
wed into the cups. The resen'oir was then lowered and the 
trcury column broke at the junction of the capillaries with the 
rometer tubes, thus forming a vacuum in the latter. This was 
)eated until no air was left in the tubes and a perfect vacuum 
tiained. 

The liquid the vapour pressure of which was to be measured was 
m placed above the mercury in one of the small cups. The 
rcury reservoir was raised until mercury overflowed into the 
ps. The cup with the liquid was then moved until the end of 
i capillary was in the liquid above the mercury. On lowering 
} reservoir, some of this liquid was drawn into one of the bare- 
ter tubes. By this means, the latter contained the necessary 
uia and its vapour, whilst the other tube acted as a barometer. 

^ slight modification was found to be necessary for accurate 
rk. As described by Mortfn, the capillary tubes are outside the 
ter-jacket, and are consequently at a lower temperature than the 
jervation tube. Liquid from the observation tube therefore 
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distils over and condenses above the mercury in the capillary 
thus causing an appreciable alteration of the concentration jj 
case of a mixture. This difficulty was overcome by making tj, 
water-jacket wider, so as to contain the capillary tubes and to ke 
them at the same temperature as the observation tube. ^ 

Two thermometers were used in the work, one reading ftoj, 
to 50° in tenths, and the other from 50“ to 100° in tenths. 
were carefully standardised by comparison with thermometers wkij], 
had recently been tested at the National Physical Laboratory, 
could easily be read to 0'01°. The temperature of the wain 
surrounding the observation tubes was kept constant to within 0'0i» 
and all readings of the mercury and solvent levels were talm 
through a cathetometer. 

A quantity of liquid remained in the observation tube above tin 
mercury, and for this a correction had to be applied, obtained from 
the densities of the mixtures at the required temperature. 

The densities were determined in a Regnault specific grsviq 
bottle for liquids, of about 50 c.c. capacity, fitted with a capillary 
stem widening out into a cup-shaped reservoir fitted with a gronnil. 
glass stopper. All weighings were done on a balance sensitive to 
O'OOOl gram with standardised brass weights, and in the neighbour- 
hood of 760 ram. pressure, and hence no correction was made for 
changes in atmospheric pressure. The' balance case was kept dry 
by means of dishes containing calcium chloride, so that no correc- 
tion was made for the relative humidity of the air. 

A counterpoise of the same kind of glass and of the same shape 
as the specific gravity bottle was used in all weighings, and all 
weights were reduced to a vacuum. 

The thermostat was provided with a themioregulator and 
mechanical stirrer, and could be kept at the desired tcmperalure 
within 0'05°. 

For the pure liquids, determinations were made in duplicate; 
these agreed very closely, and the mean is given. For the mu- 
tures, determinations were carried out in duplicate on the same 
solution, there being not sufficient material to make up two 
separate solutions of the same concentration. 

Results.— Ihe vapour pressures obtained are given in teWe 1. 
Each figure is the mean of three or four determinations a e 
same temperature, which agreed very closely. 
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Table I. 


Vapour Pressures of Mixtures of Acetone and MetJnjl Ethyl 
Ketone at Various Temperatures. 


Composition of mixture. 

percentage of Molecular ^ 
acetone by 
weight. 

100 
75 
62-5 
50 
37-5 
25 
12'5 
0 


Vapour pressure in mm. at following 
temperature.?. 


acetone. 

20" 

25" 

30" 

35" 

40° 

46" 

50° 

100 

186-3 

2320 

284-6 

348-1 

425-3 

510-8 

620-9 

78-83 

167-8 

— 

25.5-5 

— 

379-1 

— 

548-2 

67-42 

161-8 

— 

243-3 

— 

354-0 

— 

508-4 

66-38 

155-5 

— 

226-5 

— 

327-S 

— 

469-7 

42-69 

141-3 

— 

205-8 

— 

299-6 

— 

430-2 

29-27 

125-5 

— 

183-6 

— 

267-4 

— 

388-1 

15-06 

109-9 

— 

1606 

— 

234-2 

— 

341-9 

0 

77-5 

98-4 

1214 

151-0 

188-4 

252-9 

300-0 


(at 

48*5®) 


These resulta are shown graphically in Figs. 1 and 2. Fig. 1 
shows the relation between vapour pressure and concentration (by 
weight) over the whole range from pure acetone to pure methyl 
ethyl ketone at the temperatures indicated, whilst Fig. 3 shows the 
relation between vapour pressure and temperature for the pure 
substances and all the mixtures. 

The densities are given in table 11. 


Table II. 

DatsUks of Mixtures of Acetone and Methyl Ethyl Ketone at 
Various Temperaltires. 


Composition of mixture. 


Percent^e of 
acetone by 
■weight. 
iOO 
75 
62-5 
50 
37-5 
25 
12-5 
0 


Molecular 
percentage of 
acetone. 
100 
78-83 
67-42, 
55-38 
42-69 
29-27 
15-06 
0 


Doflsity at following temperatures. 


20 ‘’/ 4 ." 
0-79082 
0-79428 
0-79C03 
0-79782 
0-79966 
0 80135 
0-80314 
0-80495 


3074 *. 

0-77931 

0-78311 

0-78495 

0-78677 

0-78869 

0-79081 

0-79249 

0-79442 


4074". 

0-76784 

0-77181 

0-77368 

0-77567 

0-77776 

0-77982 

0-78173 

0-78391 


5074 ". 

0-75599 

0-76020 

0-76233 

0-76439 

0-76664 

0-76877 

0-77084 

0-77315 


Discussion of fiesafts.— The accuracy of the results obtained m 
the vapour pressure measurements may be gauged by comparing 
them with results obtained by other workers. Table III affords a 
comparison of the various results given for acetone. 
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Table III. 

Showing Results obtained for the Vapour Pressure of Acefnj 
6ji Various Workers. 


Vapour pressure of acetone in nun. of mercury. 


Temperature 

Author. 

Regnault.* 

Sameshima. * 

Taylop.! 

20“ 

186-3 

179-6 

184-8 

182-5 

25 

2320 

— 

229-2 

22H 

30 

284-6 

281-0 

282-7 

281-0 

35 • 

348-1 

— 

346-4 

343-0 

40 

425-3 

420-2 

421-5 

416-0 

45 

510-8 

— 

510-5 

505-0 

50 

620-9 

020-9 

812-6 

607-0 


1 Obtained from Landolt and Bomstoin’s “ Tabellen.” 
« J. Amer. Chcm. Soc., ISIS, 40 , 1482. 

» J. Physical Cham., 1900, 4 , 436. 


The agreement between the present results and those of Samesliiuj 
is good, except at 50°, at which temperature better agreement i 
obtained with -Regnault. 

The results show, however, that the apparatus is capable oi 
giving accurate results, and does away with the necessity of usii; 
stopcocks, with their attendant troubles due to leakiness atd tke 
presence of grease. The chief source of error is the possibility of 
the liquid absorbing air before being carried over into the observa- 
tion tube. With pure liquids, this possibility can be obviated to 
a large extent by boiling immediately before introduction, but will 
mixtures this procedure would alter the concentration, and betto 
the above possibility must not be neglected. 

As regards methyl ethyl ketone, no figures have been found ii 
the literature for the vapour pressure at temperatures between 
20° and 50°. 

An examination of Fig. 1 shows that the vapour pressure-ora- 
centration curves He between the vapour pressures of the two com- 
ponents at all temperatures, thus negativing the suggestion tbit 
there might be a mixture of acetone and methyl ethyl ketone bsviiif 
a higher vapour pressure than either component. Hence the ra 
planation of the abnormality of the volatility of cordite gelatimsei 
with a mixture of equal parts of acetone and methyl ethyl ketot 
based on the above suggestion, is’ unfounded. 

The graphs in Fig. 1 are not straight lines, but they approxima e 
thereto, and this approximation is nearer as the temperature “ 
increased. The deviation from a straight line, for 
50°, is given in table IV by comparing the observe vj 
pressures of the mixtures with those calculated according 
expression P=ct. F^ + flQ0~ ”i )Pi; 

iOO 
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where m is the molecular percentage of acetone in the mixture and 
p and Pt ere the vapour pressures of acetone and methyl ethyl 
hetone respectively. P' is the observed vapour pressure of the 

mixture and is the percentage diSerence. 

Fio. 1. 

Shming relaticm between vapour pressure and cotnpogtlion ibg 
might) oj mixtures oj acetone and methyl ethyl ketone 



Curve I. at 20" 

n. „ 30 


Curve HI. at 40“ 
IV. „ 50 


Tabu; IV. 

Difference between Observed and of 

Matures of Acetone and Methyl Ethyl Ketone at 50 . 

Molecular m(P-n 

percentage of Observed v.p. m ^ 

acetone = m, mm.oIHg=-e‘ S 

. 67-42 508-4 516 3 

65-38 
42-69 
29-27 
16-06 


Observed v.p. in 
mm. ol Hg=r-. 
S48.2 
608-4 
469.7 


100 jP-P’ ) 
P'. 

+ 0-88 , 
+ 1-56 
+ 1.70 
+ 1-58 
+ 1-50 
+ 1-87 
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The maximum deviation is about 1-9 per cent. In p- 
curves have the familiar shape associated with vapour ^ 
temperature curves, and when the logarithms of vapour^*^' 
are plotted against temperature for each mixture and for ^ 
solvents, the resulting graph is practically a straight line ' 
There is a considerable difference in the figures given ' 


Shomng relation between temperMtire and vapour 

mixtures of acetone and methyl ethyl ietotu ^ 


sas 


■■■I 


■■■■■■■■I 


iSS 


■■■■■■■■■I 


Iw M—wwBBWMWB aaSSaBBaglBgSgl 

I— ■■■■—■ ■■■■■■■■■■■■■■■■■■SB allBSSSig i 


■■■■■■■■■■■■■■■■■ 


■■■■■■■sffaasaeiipa ^ 

■■■■isicapspSiMaait 

^SMap&psaeapeaBPsjp''p 


■■BugaeggapsiiBgL- 

tmmmmBSimms 

siaMBRsaiii 

■■SSiiUMH. 

tmmmmmmmmmmm 

■■■■■■■•■■■■■■■■■■I,. 

iiMiilMHiiWjjPPPPjPPll 


Temperature. 

Curve I. = .\oetone. j Curve V.= 37^% Acetone [by wt.) 

„ II. — 75% Acetone (by wt.) „ VI. = 25 ,, „ „ 

„ III.=62J% „ „ „ „ VII.= 12i% 

., IV. = 50% „ „ „ I „VIII. = lOO%Methylethylket«ni. 

literature for the density of acetone. Thus Perkin (T., 1884, 45, 
478) gives DJJ 0'79652, which is equivalent to Dj 0’79072. 

Linnemann (T., quoted by Perkin) gives DK 0'7975 or Df O '9170 
Perkin’s value is considerably lower, and was obtained with acetoM 
purified . by the sodium hydrogen sulphite method and boiling at 
55'6 — 55'9®. McElroy and Krug (J. Sot. Chem. Ind., 1893, 13, 
177) give Tff 0-79197. Squibb (J. Amer. Chem. Soc., 1895, 17. 
200) gives' D]S 0-7966 or Bf 0-7908. This value agrees closely 
that obtained by Perkin. Bramley (T., 1916, 109, 455) ottaine 
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[i6 value Df 0’7912. Thus the range of published figures varies 
rom 0’79072 to 0'79197 for the density of acetone at 20°/4°. The 
esult obtained in the present work is the mean of two which agreed 
xactly, namely, 0‘79082. The specific gravities in this work are 
iven to five decimal places, by which is meant that they are 
orrect to four places, the fifth figure being doubtful in each case, 
t will be seen, therefore, that excellent agreement is obtained with 
he result of Squibb (Df 07908) and with that of Perkin 
Df 0-79072). 

The results for the density of acetone at other temperatures 
tgree well with those obtained by Bramley {loc. cH.\ as shown in 
he following table. 

Table Y. 


Comparison of Results for Density of Acetone at Various 
femperatures. 


Density. 


Temperatirre. 

2C’/4* 

8074 “ 

40*/4“ 

5074“ 


Au^or. 

Bramley. 

0-79082 

0-7912 

0-77931 

0-7793 

0-76784 

0-7674 

0-76599 

0-7665 


The density of methyl ethyl ketone is given by Marshall (T., 
906 , 89, 1376) as 0'81005 at 15°/4°. Extrapolation from the 
•esults obtained by the present author gives O'SIOI, which agrees 
rery well with Marshall's 6gure. 

The der^ity-concentration curves are all straight lines parallel 
io each other, thus showing that there is no contraction or 
apansion in volume on mixing acetone and methyl ethyl ketone 
it any of the temperatures 20° to 50°. 

The density-temperature curves for the pure liquids and for fte 
mixtures are also practically straight lines, the curvature being 
ptremely slight. For acetone, the difference in density per degree 
Ur the whole range is 0-001161, and for methyl ethyl ketone it is 

tl-00106. 


Summary. 

■ Vapour pressures and densities of acetone, methyl ethyl ketone, 
ind mixtures of the two have been determined from 20“ to 50 . 
i The vapour pressure-concentration curves all lie between the 
lapour pressures of the components, there being no sign 0 a 
paximum at any point. 

The density-concentration curves are straight lines, showing that 

u u* 
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no change in volume occurs when acetone and methyl e%l 
are mixed in any proportions from 20° to 50°. 

In conclusion, the author’s best thanks are due to Messrs. Solti', 
Explosives Co., Ltd., for whom the work was carried out, mj, 
Mr. Wm. Rintoul, the Manager of the Research Section, for p. 
mission to publish the results. 

The Reseakch Laboratories, 

Ardeeb. 


[Keeeived, July I4rt, IJU] 
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Organic Chemistry.' 


'f '"'to 2id ^am“nk7y?d1n^' 

ptmene, together with a small amount of P-methyl-i.butLf h“e 


Normal primary octyl iodide in the same 
_ H. p. -40°. D; 0-791 

itadecinene, m. p 


p. 59°/13 mm. m. p' -40° D" 0-791 j^j*^*"*”*’ 


gives 

G. 


. M En^ Chem., 1919 11, 639-643).-Natural' gas rkh'iu 
4hane or ethane such as that of Pittsburgh, can be used for the 
bride For tetrachloride, chloroform, and carbon hexa- 

lo ide. For this purpose, -jt is passed, together with a slight 
»ss of chlorine, through a tube which contains a suitable catalyst 
i is heated in an electric furnace. The most suitable catalysti 

material), Ind 

med anthracite coal, all of which have a high absorptive 

increases 

ntensity up to about 500°, above which the catalyst is attacked 
carbon is deposited. One litre of natural gas (90% of methane 
lUA ot ethane) when completely chlorinated should yield 
1 c.c. of chorination products. Methane is less readily 
armated than higher saturated hydrocarbons. By introducing 
gas at the rate of 1 litre per hour, methane is completely con- 
ted into carbon tetrachloride and ethane into carbon hexa- 
inde. By increasing the rate of introduction of the natural gas, 
iroform is obtained in addition to carbon tetrachloride. FSee 
' Soc. Chem. Ind., 1919, 599*.] C. A. M. 


preparation of Tetrachloroethylene. H. B. Weiser and 
h. WiGHTMAN (J. Phys. Chew,., 1919, 23, 415 — 439).— The 
iimum temperature for the thermal decomposition of carbon 
tachloride into chlorine and tetrachloroethylene lies between 
^ and 1400°, hut a certain amount of decomposition occurs at 
iperatufes as low as 600°. In order to minimise the further 
ction of chlorine on tetrachloroethylene to form solid hexa- 
Sroethane, the products of decomposition must be cooled as 
Idly as possible, and may with advantage be diluted with an 
ft gas such as air or nitrogen. The decomposition is eon- 
jently conducted in an electrically heated quartz tube, and an 
( condenser may be used provided that the condensing surface 
PL. CXVI. i. 
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is kept dry and comparatively cool. [See also J. Soc. i 
1919, September.] (j p' j* i 

The Catalytic Formation of Alkyl Chlorides from Prima*, 
Alcohols. Paul Sabatier and A. Mailhe (Compt. rend M 
169, 122 — 125). — When the vapours of primary alcohols of tl 
methyl series are passed along with hydrogen chloride •' 
aluminium oxide at 420°, the corresponding primary alkyl cliloti'd" 
together with some secondary or tertiary chloride and son’ 
ethylenic hydrocarbon, is obtained. In this way, propyl alcolitl 
gives a mixture of propyl and fsopropyl chlorides, the latter ct 
dominating; jsobutyl alcohol gives a mixture of isobutyl chlotid" 
CHMej'CHnCl, and the tertiary chloride, CMcjCl, in the nromr' 
tion of 1:3; isoamyl alcohol gives a mixture of the priaarr 
secondary, and tertiary chlorides in the proportion of 1 : 2 ; 3 
heptyl alcohol gives heptene and a mixture of primary and 
secondary heptyl chlorides, together with a little dihepteue. 

w! G, 

The Spontaneous Oxidation of Organic Complexes 0! 
Cobalt. H. Colin and 0. LitviN {Compt. rend., 1S)19, 169, 
188 — 190). — Alkaline solutions of certain organic substances in tha 
presence of cobalt sulphate undergo spontaneous oxidation in tls 
air. In some cases, the amount of oxidation is limited, whilst ia 
others it increases with the time. Glycerol and lactic acid furnisk 
examples of the first type, whilst dextrose, mannitol, erythritol, 
and tartaric acid are examples of the second class of organic A 
stances. As explanation of this phenomenon, the authors siigget 
that the cobalt, in the presence of alkali, forms true complexB 
with the organic compounds. These complexes oxidise spon- 
taneously and turn green, the organic substance being attacW 
at the same time. If the products of this secondary oxidation m 
capable of -reducing the green complex, there is a continuous trans- 
portation of oxygen, hut if not the absorption is limited. 


Action of Chlorosulphonic Acid on Methyl Hydrogen 
Sulphate. R. Levaillant and L.-J. Simon {Compt. rml, 1911 
169, 140— 143).— Methyl hydrogen sulphate reacts with chloia 
sulphonic acid to give methyl ehlorosulphonate according to » 
equation OH-SO,Cl-f OH-SOj-OMe — SOjCbOMe-fH.SO,. 
reaction is, however, reversible, and an equilibrium is set up. • 
the same time, a secondary reaction proceeds between some 0 
methyl ehlorosulphonate formed and some of the unchanged im , 
hydrogen sulphate, this reaction also being ,, , 

SOjCl-OMe -f OH-SO,-OMe = SO^Cl-OH + SO,(OMe , 

As a result of the balance of these reactions, it is , jj, 

yield of methyl ehlorosulphonate is only ^ about a 
theoretical yield. Methyl ehlorosulphonate is a IjjSl 

and a violent lachrymator. It has b. p. 42°/16 nun.. ^ 
760 mm., D» T514, D'* 1-492, n]? 1-414. 
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Actio# o£ Chlorosttlphonic ^Acid on Methyl Sulphate, 
preparation ol Methyl Chlorosulphonate. K, Levailust 
and L.-J. Simon (C(mpt. rend., 1919, 169, 234—236. Compare 
preceding abstract),— When heated together, methyl sulphate and 
chlorosuiphonie acid react according to the equation 

SOjCl-OH + MejSO, =: SOaCl-OMe + OH-SOj-OMe, 
which is, however, reversible. Further, the methyl hydrogen 
sulphate formed, in its turn, reacts with the chloroeulphonic acid, 
as already seen. The yield from methyl sulphate is 70% of theory, 
and may be increased if the product is fractionally distilled, giving 
two fractions, A, containing methyl chlorosulphonate and a little 
chlorosuiphonie acid, and B, containing chlorosuiphonie acid, 
methyl chlorosulphonate, and methyl sulphate, this second fraction 
B being added to further quantities of the original reacting 
mixture. W. S. 

Preparation oi the Fluoride# oi Organic Acids by means 
o! Fluorosulphomo Acid and Flnorosulphonates. Wilubim 
Teaobe and Anna Erahueb {Ber., 1919, 52, [B], 1293—1298).— 
The preparation of aliphatic acid chlorides by tbe action of beat 
on mixtures of salts of chlorosuiphonie acid and fatty acids has 
been described by the Badische Anilin- i Soda-Fabrik (D.E.-P. 
146690); the authors have attempted to prepare the fluorides by a 
jimilar method, but the results are not completely satisfactory. 
The best yields, obtained with fatty aromatic acids, do not exceed 
20% of that theoretically possible, whilst with the simple aliphatic 
acids the yields fall as low as 5%. The by-products include con- 
siderable amounts of acid anhydrides. Better results are obtained 
by heating mixtures of fluorosulphonic acid and the fatty acid in 
a platinum vessel. The following substances are described : 
propimyl fluoride, b. p. 96^/17 mm., which is only slowly decom- 
posed by water; phenylacetyl fiuonde, b. p. 88— 89°/ 17 mm.; 
benzoyl fluoride, b. p. 156°; acetyl fluoride, b. p. 20-5°; propionyl 
fluoride, b. p. 44°;. Moroacetyl fluoride, b. p. 74°; dichloroaceiyl 
fluoride, b. p. 71—72°. H. W. 

Certsin Aliphatic Compounds with Numerous Side- 
ihains, Bichaed WitisiATTERand Daniel Batt (Annaku, 1919, 
118, 148— 160).— The authors have synthesised aflyS-tetra- 
nethylhexoic acid by way of the ester of the corresponding 
J-hydroxy-acid, the method employed consisting in union of a 
-etone and the ester of an o-halogenated aliphatic acid in presence 
f zinc (compare Refonnatsky, A., 1887, 717; 1896, i, 128) or 
sagnesium (compare Zelinsky and Gutt, A., 1902, i, 585). The 
ynthesis in this way of ethyl R-hydroxy-ofl-dimethylvalerate from 
lethyl ethyl ketone and ethyl a-iodopropionate occurs readily, but 
thyl fsobutyl ketone and ethyl o-iodopropionate yield, in addition 
> the ester of the B-hydroxy-acid, also that of the corresponding 
nsaturated acid. Hydrogenation of the latter in presence of 
latinum gives the oRyS-tetramethylheioic acid, which in habit 
Ssembles phytol derivatives, without, however, being identical with 
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any of these. The ^-hydroxy-add is converted by the act 
62%, or even more dilute, sulphuric acid into the highly T 
y-lactone, this behaviour being that exhibited by other ait i 
o/8-unsaturated adds. 


/Sy-Dimethyl-S-pentanone, obtained by boiling ethyl metl 
propylacetoacetate (compare van Romburgh, A,, 1887 2321 ■ 
hydrobromic and gladal acetic acids, has b. p. 

719 mm. (van Romburgh gave 135—140°); its oxime C H W 
is a colourless, viscous oil, b. p. 82 — 82-5°/ 10 mm,, witli an 
of peppermint. By sodium and alcohol, the ketone is reduc^t' 
Py-dimeihyl-S-pentanol, C^HiaO, which is a somewhat t' * 
liquid, b. p. 149-150-5°/719 mm., Df 0-836. i-Iodo-h4il2 
pentane, C7H15I, has b. p. 56— 61°/11 mm., and Lell. ]t 
camphor, 

Ethyl 0 -h ydroxy-a^-dimethylvalemte, 


OH-CMeEt-CHMe-COjEt, 

prepared from methyl ethyl ketone and ethyl a-iodopropionate i 
presence of magnesium, is a liquid, b. p. 78— 79-50/10 nun. 

Ethyl aP-dimetkyl-H^-hutenoate, CMeEtlCMe-COjEt, piepired 
by heating the preceding ester with oxalic acid, is a mobile iLid 
b. p. 64—660/13-5 mm., DJ 0-927, with a pleasant odonraada' 
vigorous reducing action on permanganate. 

Ethyl ^■hydroj'y-a^y-lrimethylvaleraie, 

CHMe 2 -CMe(OH)-CHae-COjEt, 
prepared from methyl isopropyl ketone and ethyl o-iodopropionjt(, 
is a mobile liquid, b. p. 90 — 93-50/11-5 mm., D)'* 0 - 977 ; it isaot 
converted into the corresponding unsaturated ester by eitlw 
oxalic acid, phosphoric oxide, or phthalic anhydride. The free 
hydroxy-acid, CjHijOj, forms a viscous liquid, b. p. 136— 140'/ 
9-5 ram., and in a desiccator, or more rapidly on heating wili 
dilute sulphuric acid (1:1), is converted into a^y-trimthjli-' 

vahrotactone , crystallises in needles md 


lanceolate leaflets, m. p. 47-5°, b. p. 90-5 — 930/10 mm., and In 
an intense menthol odour. When heated with hydriodic acid and 
phosphorus, the lactone gives an alphyl iodide ( ? octyl iodide), 
b. p. 164 — 167-5°, and a very stable carboxylic acid of high mob 
cular weight, b. p, 272 — 279°/10 mm. When heated for a daj 
at 160 — 210° with hydriodic acid (D 1-96), the lactone loses carbon 
dioxide and yields a saturated hydrocarbon, b. p. 84—89°, wbiel 
smells like petroleum and appears to ha-ve the composition of > 
cj/efoparaffin. 

CMePi^-O 

a^yS-Tetramethyhy-hexolactone, isa**- 

what viscous oil, b. p. 117— 120°/12 mm., D.’ 0 988, -with an odoB 
like that of menthol, and is only slowly oxidised by perniangani ■ 
Tetramethyl-^'*-hexenoic acid^ CHMe 2 ‘CHMe'CMe.CMe 
cannot he distilled even in vacuum, owing to its r^dy 
into the lactone, which forms slowly even at the ordinary terop 
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turei instantaneously combines with bromine and 

decolorises permanganate. 

a^-lS-Telramethylhexoic add, CH3-[CHMe]4-CO.iH, is a some- 
what viscous, colourless oil, b. p. 136— 136-5°/ 11 mm., Df* 0-935, 
and smells faintly like turpentine. Its siher salt was analysed. 

T. H. P. 

Transformation of Acid Saits of Dibasic Acids in Aqueous 
Solution. Th. Sabalitschka (Ber., 1919, 52, [HJ, 1378— 138i).— 
Previous experiments by Thoms and Sabalitschka (A., 1917, 
i, 700) have shown that only minute traces of oxalic acid can be 
removed from aqueous solutions of potassium hydrogen oxalate by 
treatment with ether, this behaviour being in striking contrast 
with that observed with the acid salts of other dibasic organic 
acids. The author has therefore investigated the dialysis of solu- 
tions of potassium hydrogen oxalate of dittering concentration and 
at differing temperatures. It is found that the diffusate invariably 
contains slightly more potassium in relationship to oxalic acid 
than is required for the acid salt, whilst the diffusing solution con- 
tains an excess of oxalic acid. It appeared probable that this is 
due to the existence of normal potassium oxaiate and potassium 
tetroxalate in solutions of the hydrogen oxalate, and direct experi- 
mental evidence on this point is afforded by the crystallisation of 
potassium tetroxalate in the pure state from a not too concentrated 
solution of potassium hydrogen oxalate at -(-10°. Solutions of 
ammonium hydrogen oxalate do not appear te behave in a similai- 
Jiianner. 

It is pointed' out that oxalic acid can be completely volatilised 
at the temperature of the boiling-water bath, and, further, that 
commercial potassium hydrogen o.xalate does not generally corre- 
spond with the formula KHCjOj. H. W. 

The Synthesis of Inositol Hexaphosphate and its Identity 
with the Phospho-orgauic Beserve Principle of Green 
Plants. S, PosTKRXAK (Compt. rend., 1919, 169, 138—140. Com- 
pare this vol., i, 426), — Inositol hexaphosphale has been synthesised 
and isolated in the form of its double calcium sodium salt by heat- 
ing inositol with phosphoric acid in the presence of phosphoric 
oxide at 120 — 130° for three hours. The crystallographic proper- 
ties of this synthetic double salt have been examined, and 
on comparison with those of the double salt prepared from phytin, 
file two sets of measurements were found to be identical. The 
crystals are monoclinic [o : 6 : i— 0'630066 : 1 : 0-639015 and 
ff=108°13']. This is taken as conclusive proof that the phospho- 
organic reserve principle of green plants is inositol hexaphosphate. 

W. G. 

Improvements Relating to the Preparation of Amines, 

Wtuiam Rintool, John Thomas, and Nobel’s Explosives Co., 
Ltd. (Brit. Pat., 128372).— Secondary and tertiary amines 

t* 0 
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are separated from murturee of the two containiug 
of the latter by treatment with carbonyl chloride at 


below 25°, whereby the secondary amine is converted into a 
amide chloride with the elimination of hydrogen chloride ? 
reacts, forming the hydrochloride of the tertiary amine' n 
reaction mixture is then treated with sufficient dilute hydiochl ^ 
acid to dissolve the whole of the tertiary amine, whilst the iisol ? 
carbamide chloride is collected and boiled with either water”* 
dilute hydrochloric acid to regenerate the secondary amine f' 
cases where the mixture of amines contains an excess o( tt 
secondary amine, the requisite excess of tertiary base is secjiJ 
either by removing the secondary base in stages by repeatinj tl 
above operation, or by actually adding a sufficient quantity (i 
tertiary amine to the original mixture. [See, further, J, 
Okem. Ind., 1919, September.] G. P. H 


Preparation of Azninosuiphonic Acids by the Aid oi 
Salts of Fluorosulphonic Acid. WiLUELuTBAUsEandSugABm 
Brehmer {Ber., 1919, 62, [B], 1284 — 1293). — The salts of fluoto 
Bulphonic acid possess the remarkable property of exchanging tin 
fluorine atom for an amino-group when treated with an aquetti 
solution of the requisite base; under these conditions, a portion il 
the fluorosulphonic acid, greater or less according to the stret4 
of the base, is hydrolysed to hydrofluoric and sulphuric acids, wlnol 
represent the sole by-products of the change and which can readilt 
be removed by chalk or barium hydroxide. The process has i 
considerable advantage over the older methods that it does iit 
require the isolation of the base in the anhydrous condition. Tii 
following substances have been prepared in this manner; amine 
sulphonic acid, aminoethylaminosulphonic acid, barium hydraiine 
sulphonate, potassium hydrazinosulphmtate, and potamum metijl- 
aimnosulphoTiate, shining leaflets. Methylamvnosulphomc lai 
forms long needles, m. p. 181°, and yields hygroscopic ammo.mi 
and sodium salts; the barium salt (-pHjO) is stable in air; tli 
silver, copper, and lead salts are freely soluble in water. Tit 
action of potassium nitrite on an aqueous solution of methylimme 
sulphonic acid leads to the formation of potassium metiyhilm 
aminosidphonate, NO'NMe’SOjK, which, when reduced with nine 
dust and acetic acid, and subsequently boiled with hydrochloni 
acid, gives methylhydrazine in 18% yield. Potassium ethyh* 
sulphonate is formed from potassium fluorosulphonate and etlp 
amine; the corresponding free arid forms clusters of needles, m-f 
167 — 168°. Propylaminosvdphonic add, isobutylaminoidp w 
acid, and isoamylaminosalphonic acid are similarly prepar , “ 
have m. p.’s 172—173°, 192° (decomp.), and 188° respectively;* 
potassium salts are described. Pbenylaminosulphonic a«j 
obtained in 38% yield. Sodium methylhy<^imom fomkcm^ 
resembles the corresponding ethyl compound ; it could ™ 
be transformed into the diazwnethanesulphonate by oxi ® ^ ^ 
mercuric oxide. 
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ay-Amino-alcohols with Sscondarr Alcohol P™.*- 

ponding s Jary »>-chloro STs.” Thtfs 

ondense with amines, such as d.methylamine, to give thely“ 

ilcohols. The following compounds have been nrenared ^ 

a-OToropcnte-y-ol, CH.Cl-CH.-CHEt-OH n 8q_R>lo; 

mm., 100°/60 mm. 173°/760 mm nivimr Ir, ■ li" ^ 

n Rqo/ffi mm . I ^'..giving an acetyl derivative, 

I. p 83 /15 mm. and a benzoyl derivative, b. p. 168°/15 mm 

..Iodopentan.y^l, b. p. 105-108°/15 mm., is obtained rom the 
blori^alcohol by the action of sodium iodide. With dimethyl 

75 //60 mm^, ^/46 mm. Itgives a hydrochloride of its ienzJll 

ther m n ' ut~URo ’ h^loride of its ^-nitrohcmoyl 

Iher, m. p. 145-146 ^-0>ethyUimtnopentan-yol has b. p. 76®/ 

fi”Tn’ 7 o“‘^ fcte AyrfrochWe of ito benzoyl ether, m. p. 

?V^136° of its mcthylcimamyl ether, 

o-ChloTobutan-y-ol, CHjCl-CH,-CnMe-OH, b. p. 70®/13 mm 
ves a-^methylarntnobutanry-d, b. p. 150°/760 mm,, yielding the 
idrocMonde of its benzoyl ether, b. p. 133—134® ' a-Diethvl 
mnohutan-y-ol has b. p. 72®/13 mm. ‘ 

a-Chlorohexan-y-ol, CH,Cl-CH,-CHPr-OH, b. p. 90—91®/ 
<z-dimethylaminohexan,-y-ol, b p 
'V h^roebhride of its cinnnmyX ether, 

a-Chloro-l-methylheptan-y-ol., b. p, 110— 116®/13 mm., 
*~iooomo ”™'' <‘-<^'methylam{no\-m.eth/lheptan-y-oi, 

p. 120 /28 mm., yielding the hydrochloride of its benzmil ether 
p. 133—134®. 

These chloro-alcohols, unlike those obtained from chloroacetone, 

J obtained quite pure and are very stable to light, W. (1. 


Carbamylglycolllc Acida. Alfred Ahlqvist (/. pr. Chem., 
19, [ii|, 99, 45 — 84). — ^With carbamic acid, hydroyy-acids yield 
■bamatos, for instance, COjH-CH^-O-CO-NH,, which are at the 
je time acids and urethanes, and are most suitably named 
hanuc ester acids, the term urethane acids being better applied 
acids of the type COjH-CH^-NH-CO.R. Few of these carbamic 
sr acids being known (compare Thiele and Dent, A., 1899 
14; Lamhling, A., 1898, i, 588; 1899, i, 52, 84; 1902, i, 537. 
’’ f'he author has made a more extended investigation of 
K. Oxidation of the corresponding thiocarbarayl compounds by 
^7omine or permanganate affords a convenient general 
shod for the synthesis of these acids (compare Holmberg, A 
15, 1, 324; 1907, i, 384; 1910, i, 834; 1912, i, 131), and the 
hor has studied the methods of preparing the thiocarbamyl- 
jJollic acids necessary for this synthesis. 

^retominoearbothiolonylycoTlic ]monoamide of xnnthodiacetir^, 
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aad, COjH-CHj-O-CS-S-CHg-CO-NHj, prepared as aodiuj, 
according to the scheme COjNa'CHj'OH + CSj + KOH-iit 
COjNa-CHj-O'CS'SK, and this 


+ CH2C1-CO-NHj 


COJS^a-CHo-O-CS-S-CH, 


CO'NB,, 


P. [H 


crystallises in faint yellow prisms and sinters at 123“, 
sharp) 129 — 130°. 

TrithiocarhodiglyeMamide, CS(S"CH2’CO'NH,)2, formed jn 
the above synthesis by the action of chloroacetmnide on trit? 
carbonate derived from the carbon disulphide and alkali cmti 
lisRs in golden spangles, m. p. 206 — 207° (decomp.) or 198® n 
heating). 

Thiocarbamylglvcollic acid is formed in best yield from jjij 
carbothiolonglycollic acid (compare Holmberg, A., 1907, j jj? 
but is more readily obtained pure, as ammonium salt, by the’ act 
of ammonia (3 mols.) on the monoamide of xanthodiacetic ijt 
(1 moM. The ammonium salt forms white needles, m, p, jy 
160° (decomp.). The free acid shows m. p, 125“, 
rapid heating, 134—135°, the varying values being caused liy n, 
version of the acid to a greater or less extent into the anhydijlc^ 
tlie temperature, 111—112°, given by Holmberg as the * 
point of the acid is really that of the anhydride (see below). 7), 
ainniouium salt formed in the above way is aocomnaniej b 
dit.hioglycoHamlde, Si,(CHo'CO’NH 2 ).>, m. p, 

(Claesson, A., 1881, 580. gave m. p. 155°), which results hom li 
oxidation in the air of thioglycollamide (compare Klasoii and W 
son. A., 1906. i. 2321. this being also a product of the deconiiwitii 
of the monoamide of xanthodiacetic acid by ammonia. 

The action of ammonia on carhothiolondiglycollir acid dtl 
besidw the ammonium salt of thiocarhamylglvcollic acid, ilscilif 
of trithiocarbodiglycollic acid. CSf'S’CHft'COnH)^, m. p. 172— Ilf 
(comnare Holmberg. A., 1905. i. 3241. 

Thiorarh(t}nf/Ifi}ifrnJHr (mh ifd'rid f. [4 - ktfn-^ 

OH,-(jJO_ 


"<r- 


. . forms a woolly mass of soft, hair-like crystals, B.i 

■'CS — NH 

111—112°. and is not converted into the corresponding acid oit 
solution in water. The compound, m. p. 143°, obtained by Ifflli 
thioearbamvlglycollic acid with acetic anhydride, a,nd descnWI 
Holmberg (A. 'l909, i, 286; 1912. i, 1301 as this anhydnde, c** 
of carhamylglvcollic acid. In virtue of its iminic hydngraJ 
anhvdride' exhibits acid characters, and may be deter- 

^’EttvlthTMlrbamylglvcollic anhydride 
oxaxolidiuel (compare Holmberg, A.. 1912 .,13 1, mnard 
action of ethvlamine on either carbothiolondigtycollic ac 
monoamide of xanthodiacetic acid forrna 
and is accompanied liv thioglycoHic b. p. 

When converted by alkali into a salt of f 
oxidised hv means of bromine, it yields ethylcarbamy . 

m. p. 87 — 88°. t 1 m n 

DiethylthiocarbamylglycoUic acid, crysta s, 
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bteinad by the action of diethylamine on either ethylcarbothiolou- 
ly^lhc acid or carbothiolonglycollic acid or ite mono-amide; the 

In prepanng carbamyiglycollic acids from the corresponding 
hiocarbamylglycollic acids, the best oxidising agent is bromine, th! 
rtion of permanganate resulting in poor yields and often in impure 
roducts. ^ 

Carbamyiglycollic aeW thus obtained melts at temperatures vaiY- 
,g from 155° to 161°, ai^rding to the rapidity of heating, the 
nd undergoing more profound change than mere conversion into 
nhydnde. The potassium, barium (-tH,,0), and silver salts, and 
le ethyl ester, m. p. 64-65° (Thiele and Dent, loc. mf give 61°) 
■ere prepar^. When heated in aqueous solution, the acid decom- 
oses into glvcollio acid, carbon dioxide, and ammonia 
Carbamyiglycollic anhydride (2:4-diketo-oxazo!idine)i 

"CO-NH’ 

i. p, 89— 90°, cannot be obtained by heating the corresponding 
nd, but rnay be prepared by oxidation of thiocarbamvlglycollic 
Jia " 001 \ bromine (compare Traube and Ascher, A., 

>13, 1 , 901). It exhibits acid properties, and when titrated with 
jirium hydroxide solution gives a sharp colour change with phenol- 
athalein. When heated in aqueous solution or in presence of 
nd, the anhydride undergoes no appreciable decomposition, and 
fe ammonia evolved on distillation with concentrated alkali hydr- 
iide 13 less than the calculated quantity. 

.Ethylcarbamylglyeollic acid, prepared from ethylthiocarhamyl- 
ycollic anhydride by the action of bromine or permanganate in 
tassium hydroxide solution, has m. p. 87—88° (TTolmherg, A., 
12, 1 , 131, gave 85 -86°). The potassium, barium (-(-11,0), and 
ver salts, the ethyl ester. C0,Et-Cn,-0-C0-NHEt m. p 46—47° 
d the amide, C,HmO,N,, m. n. 120-5-121'5°, were prepared.’ 
hen heated in aqneons solution or in presence of acid, the acid 
competes, with formation of fflycolhc acid, carton dioxide, and 
lylamine; with concentrated alknli hvdroxide. the decomposition 
puantitative. 

^thylirnrhamvlglycollie a^ihytJride [2 
*^CTT,*CO ■ ' 

forms a colourless oil with a characteristic odour, 

p. 119'5°/12 mm., D® 1'246, 1'462. Bv cold harium hydr- 

de solution, it is decomposed, apparently, into ^lycollethylamide, 
IEt‘CO’CH.>*OH. but when heated in aqueous or acid solution 
Remains almost entirely undecompo«ed. The methylene group of 
anhydride does not react with ben7aldehvde in presence of acetic 
ivdride in the same way as that of ethyl- and phenyl-thiocarb- 
irlglycollic anhydrides (compare Holmberg, A., 1912, i, 133), the 
r separable product of the reaction bein^ benzvlidene acetate. 
^ethylcarl)amylghfcdlUc add, C 0 ..H'CH.>* 0 *C 0 *NEt 2 , prepared 
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by the action of either bromine in alkaline solution or pennants 
on diethylthiocarbamylglycollic acid, fonns colourless needles 
77'5 — 79°; the potassium, harium, and asfeer salts are deswiliiij' 
The tikyl ester, CgH^OjN, is a mobile liquid with a character; r 
fruity odour, K p. 122 — 123°/10 mm., Df, 1’059 nu [.^5 
Attempts to prepare the amide of the acid resulted in the format' 
of an unorystallisable, viscous product, which was not anaHri? 
When heated in aqueous solution or in neutral, acid, or allalij 
solution, the acid decomposes into glycollic acid, carbon dioxide a S 
amine. T. H p 


Electrolytic Reaction of Organic Sulphur Compounijg 
I. Thioamide Group. Motooki Matsci and Eitsko Asmn 
(7. Tokyo Chem. Soc., 1919, 40, 147— 156).— A compound™* 
carbamide, containing the carbamyl group, is known to react as ai 
imino-compound. According to Werner, the iminocarbamic adi 
formula expresses the true nature of carbamide. Matsui previousk 
showed (ibid., 30, 1157) that thioamide groups must be represented 
by the imino-formula, BC(iNH)‘SH. As a further proof for tlis 
contention, he and Ashida argue that if the thioamide group soh 
as an imino-acid, then electrolytic oxidation ought to produce a 
double sulphur compound, containing two groups of >C(INH) anj 
-SC(INH)-. Experimental results seem to conBrm their hypo- 
thesis. To 1'32 grams of thiocarbamide in 106 c.c. of alcohol are 
added 4 c.c. of nitric acid (D 1'221. After passing a current of 
0'3 to 0'4 ampere for 6ve hours, there appears at the positire 
platinum pole a white, needle-shaped compound, yielding 1'06 pani< 
after repeated ouridcations. Analysis shows it to be dithiofom- 
amidine dinitrate. [SC(fNII)’NTTol2’2^N*^s- From acetylthiocjrb- 
amide they obtained dithiomonoacetvlformamidine. From aono- 
phenvlthiocarbamide. H»N'C(lNPhVS'S'C(lNHVNF., is obtained. 


Tbiobenzamide in alcohol is known to be oxidised by iodine to 
3:5-diphenyl-l :2:4-thiodiazole. By electrolytic oxidation, tley 

obtained the identical compound, namely, P- 


instead of the dithio-compound. In the same way, thioacetaniliiie 
yields C8H4*C^^CMe. Although, thus, they failed to obtaii 

dithio-compounds in the last two cases, still they believe that the 
reactions in every case could bo explained only on the assumption 
that the thioamide group has the structure RC(INH)'SH, 

Chemical Absteacts. 


The Catalytic Redaction of Hydrogen Cyanide. Stdxei 

Barratt and Alan Francis Titi.ev (T., 1919, 115 , 902 -907). 

Ne-w Method of Preparation of some Polynitro-Momatic 
Compounds. Marqueybol and Loeibtie (Bull. Soc. chm, i . 
|iv], 25, 370— 375).— For the preparation of compounds of thetypi 
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of authors recommend that the nitration should 

be carried out in three stages. The phenol (J mol.) is converted 
into p-phenolsulphonie acid, which is then diluted with water and 
Donred into a cold aqueous solution of sodium nitrate, the product 
being sodium 2-nitrophenol-4-siilphonatc. To this solution, nitric 
acid (4 niol.) is then added, a mixture of 2 : t dinitrophenol and 
sodium 2:6-dinitrophenol'4-snlphonate being obtained. After cool- 
ing, the dinitrophenol is separated by filtration, and may be further 
nitrated, and to the filtrate more nitric acid (| or 1 mol.) is added, 
and the liquid brought to the boil. By this means, very pure 
picric acid is obtained with a good yield. This procedure is of 
advantage in that practically no nitrous fumes are liberated, and 
but little more than the theoretical quantities of sulphuric and 
nitric acids are required. 

This method may be applied to commercial cresol. In the first 
stage, any o-cresol present yields o-creso!-5-sulphonic acid, the 
ffl-cresol gives m-cresoI-6-sulphonic acid, and the p-cresol gives 
p-cresol-3-sulphonic acid. In the next stage, from these sulphonic 
acids are formed, respectively, the 3-nitro-derivative, a mixture of 
the 2-nitro- and 4-nitro-compounds, and the 5-nitro-derivative. In 
the third stage, the o- and p-cresols will yield simply their 3;5-di- 
nitro-derivatives, which are insoluble in water, and may be filtered 
off, whilst from the m-cresol there is obtained sodium 2 : 4-dinitro-m- 
cresol-6-sulphonate, which is soluble. The latter compound, when 
boiled with nitric acid, gives trinitro-m-cresol. 

It is suggested that the nitrosulphonic acids of the three cresols 
may be separated through their potassium salts, since that from 
fHiresol is only sparingly soluble in water and is foimed in the cold ; 
that from mcresol is only sparingly soluble, and is not formed in 
the cold, but only at 50°; whilst that from m-eresol is soluble in 
water and is only formed at 60°. 

Preparation oj 3 : 4-Dinitropheiiol by Direct Nitration of 
Phenol. Marquetkol and Loriktte (Bull. Soc. Aim., 1919, [iv], 
25, 375).— If phenol is liquefied by the addition of 30 grams of 
water to 94 grama of the phenol, and this liquid is slowly added W 
a mixture of 400 o.c. of sulphuric acid (D 1-58) and 270 c.c. of nitric 
acid (D 1-33), kept well stirred, and cooled until the whole of tne 
phenol is added, the temperature then being allowed to nse to 
100°, a yield of 71% of 2 : 4 -dinitrophenol is obtained. W . br. 


Oxidation Of Phenols. lU. Polymerisation of Methylene- 
Tuinones to Cyclic Dehydrophenols. RuDonr Pommeree and 
eTl CherbuliL (Ber., 1919, 52, [S], 1392-1402).-Dehydrml. 
methyl-jS-naphtho! is decomposed when heated in xylene solution 
into l-methyl-O-naphthol and naphthamebhylenequmone, which 
could not be obtained in the iinimolecular state (A , 1915, i, 410) , 
this substance has now been obtained in the form of sulphur-yellow 
crystals, m. p. 143° (corr.), and is shown to be formed by the con- 
densation of two molecules of the methylenequinone. It appears 
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to be dehydro-ajMmaphthol-2-6tbane (annexed fonnula), . 

yields a monophenylhydrazone, shining play 
m. p. 233° (corr.), and is reduced by zinc dust Lj 
acetic acid to a^-dinaphtho)r2-ethane, m. p 2530 
(corr.) (diacetyl derivative, monoclinic plates m 
233—234° [corr.]), which is readily reconverted int 


/■ 


CH, 

CH2 

7 


witli 


\, 


dehydrodinaphtholethane by oxidation 
potassium terricyanide in dilute alkaline solution ' 
Dehydro-6-bromo-l-m6thyl-j8-naphthol (ioc aj 

is similarly decomposed by boiling xylene, yieldlj^ 


bromomethylnaphthol and ^ehjihodihnm2 
naphlholethane, yellow prisms, m. p. 1770 
The latter gives a monopbenylhydrazoiie, smij 
reddish-brown needles, m. p. 237 — 238° (corr.), and is reduced to 
S:6^-dibrctmo-ai$-dinapktk<il-2-ethane, needles, m. p, 275° (con) 
which is readily re-oxidised to the parent substance. 

Zincke’s tetrachloro-p-methylenebenzoquinone (A., 1903, j 7j;i 
has been shown to be dehydrotetrachloro-p-creso! (he. eif.) from j 
study of its power to oxidise quinol ; this conclusion is now con- 
firmed by observations of its oxidising action on potassium iodide. 
Determinations of molecular weight in benzene show an almost 
complete dissociation of the double molecule either into the radicles 
or, more probably, into the methylenequinone and tetrachbro-p 
cresol. 

The authors’ investigations lead them to consider that the true 
methylenequinones with an unsubstitufed methylene group are 
exceedingly active substances which readily polymerise. They are 
therefore of the opinion that the seven compounds described as siicli 
in the literature are either quinol ethers or dehydro-substanees, and 
that a methylenequinone with unsubstituted methylene group has 
not up to the present been isolated in the unimolecular condition, 

H, W, 


Oxidation of Phenols. IV. Constitution of the Dehyiro, 
naphthols and Preparation of Dehydro-o-bromo-8-naphthol. 

Rudolf Pummerer (Her., 1919, 62, [R], 1403 — 1413). — The three 
following formulae are possible for dehydro-l-niethyl-3-naphthol 


(compare A., 1915, i. 

418): 




/\/A 

/V\ 

OxA 


An/” 

Me 0 

Me\ 


Me 

1 

\ 



Me 0 

Me >0 


Me 

/\/\/ 

/\/\/ 

1 I i 

/Y>o 

1 1 

•\/\/ 

\A/^ 

\/\/ 

(I.l 

(II.) 

(in.) 


The first explains the reedy union of the substance with tn 
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phenylmethyl, but is improbable by reason of the yellow colour of 
the substance and its instability towards permanganate in acetone 
solution at — 40 . The decision between II and III cannot be 
made with phenylhydrazine, which behaves as a reducing agent. 
The author has therefore prepared an o-halogen-substituted 
dehydro-^-naphthol in which, according to II, two halogen atoms 
must be loosely combined, whilst, according to III, only one is in 
loose combination. Oehydrn-a-hromo-B-naphtltol, m. p. 115—116°, 
is prepared by the action of tetrachlorodehydro /vcresol on 1-bromo- 
3-naphthol; it contains only one reactive bromine atom, since it is 
hydrolysed in aqueous-alcoholic solution to jS-naphthaquinone and 
1 -broino-^naphthol, and is reduced by stannous chloride probably 
to a'-lromo-^-hydrmy-afi'-dinaphthyl ether, m. p. 135-5— 136-.5° 
(corr.), in which the a-position adjacent to the hydroxyl group 
must be occupied, since it does not yield an azo-dye with beuzene- 
diazonium chloride. The dibromo-compound must therefore have a 
ooiistitution aualogous to that e.xpressed by formula II. 

0-Hydroxy-aj3'-dinaphthyl ether is obtained, amongst other pro- 
ducts, by the dehydrogenation of ;8-naphthol by potassium fcrri- 
cyatiide in alkaline solution (compare following abstract); the first 
product is probably dehydro-j8-naphthol, the keto-form of which is 
not stable and passes into the corresponding enolic form. 

The constitution of dehydro-oxydinaphthalene oxide (Pummerer 
and Frankfurter, A., 1914, i, 714) is further discussed. It readily 
decolorises potassium permanganate, and hence cannot be an 
aromatic peroxide; the diketo-formula is also impossible, for reasons 
])reviously given, so that there remains only the annexed formula. 

When treated with benzoyl per- 
./\/% /\/\ oxide (subsequent abstract), it 

I I I'Q III absorbs two atoms of oxygen, yield- 

mg a compound wbicli is termed a 
aI I ^ I i8-peroxide (IV), to distinguisli it 

\/\ /\ /\/\/ from the o-peroxide (V) obtained 
{ I I I I I with oxygen. The jS-derivative is 
\/\/ \/\/ sharply distinguished from the 
a-coinpound by its stability towards 
permanganate in pyridine solution and by the lemon-yellow colour 



s/\/ \/\/ 
(IV.) 


/\./\ ^\/\ 

<A/v /x/A^ 


\/\/ \/\/ 

(V.) 


conimon to all O-derivatives of hydroxydinaphthalene oxide, 
whereas the C-derivative (a-peroxide) is pale brown. The ^-per- 

■** o 
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oxide can only be obtained from the solid dehydro-substauce ■ ..i 
tions of the latter, even when concentrated, are rapidly decolor' ^ 
by benzoyl peroxide without separation of the iS-peroxide »). i 
the o-peroxide is contained among the products, its fonnatioj bei^ 
primarily due to the dissociation of the dehydro-substance into if 
component radicles (Pninmerer and Frankfurter, hr,, at ) ■ 
possible tautomerism of the latter is again discussed, and thehvn* 
thesis advanced previously (loc. (it.) satisfactorily explains the 
recent phenomena. jj ^ ' 

Oxidation of Phenols. V. Formation of /J-Hydroxv 
a;8'-dinaphthyl Ether by the Dehydrogenation of ;3-Naphthol 
Rudolf Pumueber and Emil Cheebuliez (Ser., 1919, 62 [Bt' 
1414 — 1415. Compare preceding abstract). — Oxidation of a'soln 
tion of d-naphthol in the requisite quantity of aqueous sodium 
hydroxide solution by means of aqueous potassium ferricymijj 
leads to a mixture of products from which ^-hydroxy-a^'-dinaphthy] 
ether, colourless needles, 'm. p. 196°, can be isolated in small 
amount. H. 'W. 


Oxidation of Phenols. VI. Dehydro-oxydinaphthalene 
Oxide and Colorimetric Observations of its Dissociation 
into Radicles. Rudolf Pummerkr and Fritz Frarkpueter [Ber., 
1919, 52 , [fl], 1416 — 1420. Compare preceding abstracts).— Tie 
^-peroxide of dehydro-o.xydinaphthalene oxide is prepared by tie 
action of a concentrated solution of benzoyl peroxide in benzene on 
dehydro-oxydinaphthalene oxide at the ordinary temperature; it 
forms lemon-yellow, microscopic prisms, m. p. 210° (corr. ; decomp.), 
which are reduced by zinc dust and acetic acid to hycltoxydi 
naphthalene oxide; the latter is also obtained by reduction of the 
e-peroxide. 

The dilutions at which dehydro-oxydinaphthalene oxide is com- 
pletely dissociated into its radicles have been colorimetriolly 
estimated for a number of solvents (chloroform, benzene, xylene, 
ethyl ether, ethyl acetate, carbon disulphide, nitrobenzene); tie 
dielectric constant of the solvent appears to have little inliiience on 
its dissociating power. H. W. 


Compoonds of Arsenic Acid and Catechol. R. F. Weixub 
and Josef Heinzler (Ber., 1919, 52 , [S], 1316 — 1329 ).— fo^fcln/ 
sefniargenate, As0(0'C5H4*0H)s,4Hg0, m. p. about 103° after 
softening at 60°, is readily obtained in large, colourless crystals 
when concentrated aqueous solutions of arsenic acid and catelol 
in molecular proportions varying from 1 : J to 1 :3 are mixed. Bis 
.slowly hydrolysed in dilute aqueous solutions, more readily in ™ 
presence of acids, and is not decomposed by short heating wr 
alkalis. It is stable in diffused light, bnt darkens on exposure to 
direct sunlight. It forms beautifully crystalline salts, in wmch ■ 
appears to function as a monobasic acid as far as the 
evidence at present shows. When titrated with alkali m 
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presence of phenolphthalein, the colour change occurs aftfir 
tion of exactly one equivalent of base,' witt methyl-oranl at a 
slightly earlier stage; the acid thus appears to be weaker than 
arsenic acid. The salts are generally preoared hu 
the base or of a suitable salt of the nfetol to a conJentrateH*^**’'™ 
solution of the acid. The following salts are deSd 

r IVH S dre aescnbed : awmomwm 

salt, |^As0(0-CjH^-0)jJjj^ \ plates; potassium salt, plates or rods; 

sodiim salt (2H,0), rods anhydrous, prisms; Aver salt, minute 
crystals, very sparmgly soluble in water and not sensitive to light 
salt (8H,0); coWi ^It (8H,0); hanum salt (SHfo); 

sa t (8H„0). With the exception of the barium compound, the 
salts generally crystallise in cubes. The estimation of wator of 
crystallisation is rendered a little uncertain by the difficulty of dry- 
ing the substances without decomposition. ■' 

If a considerable excess of catechol is iised in the preparation of 
the ammonium or potassium salts, compounds of the formula 

3JAsO^-C HpO)dK(NH,)H,C,H,(OH),, fre obLined cateZ t 
hberat^ when they are dissolved in hot water, and primary catechol 
arsenates are formed. ^ 

appears to have the composition 
d[AsO(0-Cf:^-0)j]H3,7MI,, IS also described, but the ex-act 
analysis is difficult, as it loses ammonia at the ordinary temperature. 

H. W. 


The Reduction ol affoCinnamic Acid and Coutnarin 

and Atscshi Fujita {J. Pharm. Soc. Japan, 
1919, No. 444, 97— 109).— By reduction of methyl uHocinnamate 
ivuth sodium amalgam, phenylpropionic acid (43%), ySy-diphenyl- 
P,' corresponding iso-acid, m. p. 

to (d/o), were obtained as their methyl esters. Henle (A., 1906 
1, 669), using aluminium amalgam, obtained 56%, 8—9%, and 
4—5%, respectively, of the same compounds by reduction of methyl 
ciiinauiate. This shows that uffocinnamic and cinnamic acids yield 
e^sentlally the same reduction products. Sodium amalgam is a 
better reducing agent than aluminium amalgam, since it reacts 
more rapidly, and the precipitation of aluminium hydroxide is 
■lyoided. Coumarin, as a derivative of «//ooiniiamic acid, yields 
lumolecular reduction product-s. Dyson (T., 1887, 51, 68) obtained 
rom salicylaldehyde and sodium succinate a dicouniarin, 


0 00 '^ 


wliich he reduced to dihydrocoumaric acid, 

^ '^'''y'^rocoumarin, m. p. 222—224°. Fries and Pickewirth 
( 1908, i, 822) obtained, by reduction of coumarin and dehydr- 

a ion of the re.sulting tetrahydrodicoumaric acids, two tetrahydro- 
icoumarins, m. p. 284° and 256° respectively. The former they 
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designated a, the latter )3, and to the acids they assigned the D 
dihydrocoumaric acid formula shown above. This foraulati/^"'* 
incorrect; two coumarin nuclei must necessarily unite in the ^ ■* 

tion, whereas Dyson’s dihydrocoumarin is linked in the o-th 


Its reduction products are derivatives of succinic acid, whilst ft 
products of direct reduction of coumarin are ^y-disubstituted ad' ■ 
acids, This was established experimentally by repeating Pries '"j 
Fickewirth’s preparation of the tetrahydrocoumarins, which ° 
obtained with m. p. 284° and 256°, just as described by 
authors, and comparing them with reduction products of dicoum ‘ 
prepared as described by Dyson. The latter process yielded t*** 
dihydrocoumarins, m. p. 243° and 248° respectively, but wha 
mixed they had m. p. 222 — 224°. It was evidently this mixture 
which Dyson obtained. Neither is identical with either of tl( 
tetrahydrocoumarins of Fries and Fickewirth. It is therefore wo 
posed to call Dyson’s compound a-dicoumarin, and the two derir 
atives (of which he had the mixture) a- and |8-tetrahydro.«. 
dicouinariu. The tetrahydroderivatives of Fries and Pickewirti 
are, then, to be considered as derivatives of an nnltnosTi 
^-dicoumarin. Chemical Abstbacts, 


The Acylseznicarbazides and the Acylhydroxamides 
(Rectification). J. Bougault (Bull. Soc. chim., 1919, [iv], 25 
384—386). — As a result of further analyses, the author now Uni 
that the compounds obtained by the action of iodine and sodium 
carbonate on the semicarbaaones and oximes of a-ketonic acids, aud 
previously described as acylsemicarbazides and acylhydroxamidei 
(compare A., 1916, i, 764, 7ho; 1917, i, 417, 688, 694), do not possess 
the constitution then assigned to them. Instead of a molecular 
composition, R-CO'NH'NH'CO'NHo, as given to the acjlsemi- 
carbazides, the elements of a molecule of water should be deducted, 
giving an empirical formula R’C,,H,,ONx, the constitution of whicl 
has not been elucidated. Similarly, where the acylhydroxamkles 
were assigned the constitution R-CO-NH-OH, the formula should 
now be written R-CON, and their constitution is considered to te 


, CPh-CPh 

Mo-oy 


CPh.CPb>^^ 


It has been shown that the 


N'O'N— " 

so-called acylbydroxamid© obtained from phenylglyoxylic acid i.- 
identical with diphenylglyoxime peroxide, G. 


Troxillic Acids and Truxones, R. SxoERMERandG.FoERsrKE 
(Ber., 1919, 52, [B], 1255— 1272).— The recent publication d 
Stobbe (this vol,, i, 329) has induced the authors to describe a sene 
of experiments which are still partly unfinished. 

a//oCinnamic acid is transformed by the light of a quarts amp 
into ^S-^-^otruxilHc acid ; in sunlight, the same acid is also 
occasionally accompanied by a-t-ruxillic acid. Depolymensa ion 
jS-wotruxiliic and a-truxillic acids occurs when ^ 

sodium salts are exposed to the light of a quartz lamp, ■ 
nZ/o-cinnamic acids being formed from the former aci , cm 
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and, possibly, ollocinnamic and y-tmxillic acids from the latter 
acid. Attempts to polymeriae crotonic, fumaric, jS-phenylcmnamic 
and CIS- or fnMw-jwnethoxycinnamic acids by sunlight were un- 
successful ; ^-methylcinnamic acid, however, gave dimethyltruxillic 
acid, m. P- 217 — 218°. 

a-Truxone, m. p. 293°, is convenieully prepared by the action of 
aluiiunium chlonde on a solution of a-truxillyl chloride in carbon 
disulphide; the dioxime, m. p. above 300°, is converted by methyl 
sulphate into the dimethyl uher, m. p. 214°. The molecular weight 
of the latter has been determined in benzene solution, and the 
results confirm the formula, (CgHjO)^, for truxone. y-Truxillic 
acid could not be converted into a truxone by siilphuric acid, but 
yielded a-truxone with aluminium chloride; j8- and 5-isotru’xillic 
acids were either unchanged or merely sulphonated by sulphuric 
acid. f 

a- and y-Dcphe.ii yltnuMiies are prepared by the action of fuming 
sulphuric acid on ;8-phenylcinnamic acid or ^-hydroxy-^-phenyl- 
hydrocinnamio acid, and are separated by fractional crystallisation 
from acetone or from a mixture of alcohol and acetic acid; the 
former crystallises in rods or plates, m. p. 253°, whilst the latter 
has m. p. 224°, and is converted when heated at about 225° into 
the a-derivative. The following derivatives are described : 
ardiphenyitruxme munoxime, six-sided crystals, ra. p, 273-5° 
{methyl ether, colourless needles, m. p. 208°); a-diphenyltruxone 
ilioxime, needles, m. p. 262°; ■y-diphe.nyUiuxune munoxime, needles, 
m. p. 235° {methyl ether, m. p. 170°); -y-dipheiiyltruxoue dioxime, 
m. p. 270-5 — 271°. The hydroxylamino-group is readily removed 
by treatment of the oximes with alcohol at 100°, the corresponding 
truxones being regenerated. a-IJiphenyltruxone monophenylhydr- 
uzone forms yellow crystals, m. p. 153 — 154°, whilst the monophenyl- 
hydrazone of the y-compound has m. p. 128—129°. Attempts to 
reduce the truxones completely by Clemmensen’s method, by sodium 
amalgam, zinc and acetic acid, or zinc and potassium hydroxide 
were unsuccessful, the process coming to an end with the produc- 
tion of the diol. In these circumstances, -y-diphenyltruxone yields 
a-diphenyltriixandiol ; isomerisation is not induced by hydrochloric 
acid or potassium hydroxide alone, so that the nascent hydrogen 
appears to have an isomerising as well as a reducing action. 
a-Diphenyltruxandiol has m. p. 234-5°; the monoacetate (possibly 
not quite pure) melts at 235 237°, the diacetnte at 2l5 — 216°. 
The a- and y-diphenyltruxanes were, however, prepared from the 
corresponding truxones by the action of hydrazine and sodium 
ethoxide; the former has m. p. 201 — 202°. y-Diphenyltraxcme 
dihydraione forms small crystals, m. p. 254°, and is converted by 
sodium ethoxide into a mixture of o-diphenyltruxane and 
y-diphenyltruxane, m. p. about 169- 171°, but the latter could 
not be prepared in the pure condition on account of lack of 
material. The latter is completely converted into the o-isomeride 
when heated for five hours at a temperature slightly above its melt- 
ing point. ' H. W. 
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Constitution oi Bile Acids. II. Dehydrocholanic Ariii 
W. Boksohe (Ber., 1919, 52, [B], 1363—1365. Compare Bo^' 
and Bosenkranz, this voL, i, 276). — Further experiments niti* 
dehydrocholanic acid lead the author to adopt Schenk’s view of t 
constitution, and thus to consider it as a triketooarboxylic acid coj 
taining the ‘CO'CHa group; aU attempts to identify the present 
of an aldehydic group were unsuccessful, whilst it has been fom,] 
possible to condense the substance with aromatic aldehydes, tin 
obtaining conclusive evidence of the presence of the "CO’CHj gtom 
One of the carbonyl grouj)s of dehydrocholanic acid is mors reactivt 
than the remaining two, and thus gives rise to acetals when the 
acid is esterified, whilst also it is the first to sufier reduction; H, 
compound thus formed, which was previously described as deoiy 
dehydrocholanic acid, is now designated B-dehydrodeoxychoWit 
aeid, to avoid confusion with the primary product of the oxidation 
of deoxycholanic acid. 

Methyl dehydrochola-Mte, CojHjjOj, is prepared by the esterijca. 
tion of dehydrocholanic acid in the presence of a cousideralli 
amount of hydrogen chloride or sulphuric acid; it crystallises in 
silky needles, m. p. 211—242°, which are very sparingly soluble in 
methyl alcohol. It forms a trioxime, leaflets, m. p. 265—266', smi 
a triacetyl derivative, which gradually melts from about 60', 
Methyl dehydrochdanate dimethylacetal, is formed hr 

treating the ester or the acid with methyl alcohol containing ij 
of hydrogen chloride or 3% of sulphuric acid ; it forms long needles, 
m. p. 140°, and is freely soluble in warm methyl alcohol. It ii 
reconverted into the ester by concentrated methyl-alcoholic solu- 
tions of mineral acids, and is hydrolysed to dehydrocholanic acid ly 
alkali. With hydroxylamine, it gives the trioxime of nietlyl 
dehydrocholanate. The acetal nature of the substance is proved 
by the fact that methyl alcohol is readily eliminated when it is 
heated, and that it yields an end ether, colourless leaSete, 

m. p. 173 — 174°, b. p. 333 — 334°/16 mm. Methyl-alcoholic 
potassium hydroxide solution converts it into dehydrocholanic add. 
whilst hydroxylamine transforms it into the trioxime of methyl 
dehydrocholanate. It readily absorbs bromine, but rnethyl bromide 
appears to be eliminated simultaneously. A similar substance, 
m, p. 170—172° (decorap.), appears to be formed by the actioi 
of a 2% solution of sulphuric acid in ethyl alcohol oii dehydne 
cholanic acid, hut the product is readily converted into eftvl 


dehydrocholanate, m. p. 221°. _ , 

fl-Deoxydehydrocholanic acid, needles, ra. p 176°, p"P" 
mixed with unchanged acid, and cholanecarboxvhc “7 “ 
reduction of dehydrocholanic acid by amalgamated zmc and W®' 
chloric acid; it orvstallises also with IH.,0, m. p. 11 6 _ 
ester crystallises in colourless needles, m. p. 1.52-153 , and 
a diorime, pearly leaflets, ra. p. 242° (decomp.). „ 

Cholanecarboxylic arid, m. p. 160°, is obtained m . ^ "’ll j 

bv the reduetion'of dehydrocholanic acid by aemmensen s e 
The following derivatives have been prepared : ethyl ester, 
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less, coarse needles, m. p. 92°; chloride, m. p. 128°; amide minute 
hexagonal prisms, m. p. 75°. g ’ 

Preparation and Uses of Semi-oxamazide. L. G. Radcuffe 
[Perfumery and Essen. OU Rec., 1919, 10, 39— 42) .—During a 
study on certain aromatic aldehydes, it became necessary to pre- 
pare their semi-oxamazones, and preliminary thereto the requisite 
semi-oxamazide. Detailed descriptions are accordingly given "for 
the preparation of ethyl oxalate, oxainethane, and the finished 
reagent Many of the semi-oxamazones described had been pre- 
viously prepared by Kerp and Unger (A., 1897, i, 269), and include 
those of benzaldehyde, p-tohiic, p-isopropylbenzoic, anisic, cinnamic 
salicylic and phenylaeetic aldehydes, vanillin, piperonal,’ citral and 
furfuraldehyde, acetophenone, phenyl ethyl ketone, styryl methyl 
ketone, benzophenone, and menthone. Chemicae Absteacts. ' 

A New Method of Obtaining Bicyclic Ketones. F/ai,': 
Taboury and Marcel Godchot ( Compl . rend ., 1919, 169, 62—64). 
— eyefoPentanone and cyclohexanone and their homologues are 
readily converted into unsaturated bicyclic ketones when their 
vapours are passed over calcium hydride, Calcium carbide is not 
so satisfactory a condensing agent, only giving a good result with 
cyc/opentanone out of the four ketones examined. W. G. 

Synthesis of Ketimines by Catalytic Methods. Georges 
Mignonao (Gompf. rend ., 1919, 169, 237— 239).— It has been 
found possible to prepare certain ketimines by passing the vapour 
of the ketone, along with ammonia, over thorium oxide at 
300—400°, the temperature varying with the ketone used. This 
method is not applicable to purely aliphatic ketones, owing to the 
readiness with which their ketimines undergo condensation. 
Successful results were obtained with acetophenone, propiono- 
phenone, and benzophenone, but only a very small yield was 
obtained from eyefohexanone.- W. G. 

Hydrogenation of Piperonal Ketone and of Dipiperonal 
Ketone. Vavon and Faillebix (Compf. rend., 1919, 169, 65 — 67). 

The method with platinum black previously described (compare 
A., 1914, i, 694) may be used satisfactorily for the hydrogenation 
o' piperonal and dipiperonal ketones. In the latter case, the reac- 
tion takes place in two stages, giving first dihydropiperonal ketone, 

CH2<|^C5H3-CII:CH-CO-CHo-CH2-CoH 3<°>CH2, m. p. 99°, 

am! then the fully saturated ketone , CO(CH 2 -CH.,-CcH 3 <q>CH 5 ),, 

p. 55°. Both the yellow and the white forms of piperonal 
ketone, as described by JIaber (compare A., 1891, 704), on 
1 Jro same saturated ketone , m. p. 51°, b. p. 
0® /13 mm,, giving an oxime , m. p. 98°, and a semicarhazone , 
p. 166°. The authors consider that the yellow form, m. p. 107°, 
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as described by Haber, is but an impure specimen of , 
form, m. p. llio. W G 

Alcoholysis of Baleams. Ebnest Fourneau and 
Crespo {Bidl. Soc. cAvm., 1919, [iv |, 26, 386— 389). -The 

which consists in boiling the balsam for six. hours with au 
weight of ethyl alcohol containing 3% of hydrogen chloride 
ising the product with sodium carbonate, and distilling off the” f 
and alcohols in steam, does not attack the rAfiiT^a TVi.. . ; ^ 


I resms. The esters 
alcohols are separated by fractional distillation. The 7° 
indicate that the balsams are a mixture of cinnamyl and b**” i 
cinnamates and benzoates in varying proportions, and resin? 

W'. 6, 

The Action of Sulphuric Acid on Colophony. An. G«' 

{Chem. Vmscluu, Felt. Ind., 1919, 26, 77— 79).— When colophoii! 
is mixed with light petroleum and treated with sulphuric acid fo 
several hours at -5°, the sulphuric acid combines with the rln„u' 
bond of the abietic acid, ' 

"f Ho&O^ = '803H‘0‘C2,H3y*C02H, 

and on boiling the sulphuric acid ester with water, it is decomposed 
with the formation of a hydroxy-acid («) or its inner ester fji- 

. («) S03H-0-C„H3„-COjH-tH.O = H.,SO,-bOH-C„H,».CD,H 

(b) 2S03lI-0'CioH3„-CO,H + HoO = 2H.>S04-b ' ’ 

OH-C]9H,,j’CO’O-C|,H3j-C0.,H, 

or a mixture of the two products. From the acid value and acetvl 
value of the product obtained in one experiment, it was calcuktai 
that it consisted of 64'1% of the inner ester, 26'5a of unaltered 
abietic acid, and 9-4% of nnaapouifiable matter. Esterification of 
colophony with sulphuric acid in the presence of methyl almkol, 
and decomposition of the product by boiling with water, yields ml; 
the methyl ester of abietic acid, with not more than a trace of 
hydroxy-acid. The methyl ester absorbs only two molecules iif 
halogen wlien treated with Wijs’ iodine chloride solution, whereas 
the free abietic acid absorbs three molecules. [See also ./. .foe, 
Chem.. Ind., 1919, 589a.] 0. A. M. 


Researches ou Chlorophyll. XXV. Phytol. II. Bichird 
W iLLST.ATTER, Otto Schuppli, and Ebw'in W. Mayer 
1919, 418, 121 — 147). — The supposed difference between the oxida- 
tion products of crude and distilled phytol (compare Willstiitter, 
Mayer, and Hiini, A., 1911. i, 144) is found to be non-existoit, 
a- and 3-phytols containing the double linking in the same position. 
After distillation, phytol does, however, lose water the more readily, 
especially when heated with [ihthalic anhydride or acetic acii 
probably owing to the existence of two geometrically isomeric fonos 
of the alcohol. The purest jareparations of the ketone, obtained k 
oxidising jihytol, have compositions agreeing well with the foraiiiH 
but they all contain oxygen-rich admixtures, which o'* 
most persistently retained. Repeated conversion of the ketone u 
its l-naj)hthylhydrazine-4-sulphonic acid derivative, followed 1 
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crystallisation and hydrolysis, yields a purified product, the formula 
of which is most probably The action of ozone or chromic 

acid on this product gives, not a lower ketone, but simply admix- 
tures of increasing oxygen content. Ihe fatty acid occurring with 
the ketone, and also formed from the latter on oxidation, has not 
the formula formerly assumed, namely, CirH^gOj, but is most prob- 
ably _ Phytol therefore contains the double linking 

between the third and fourth carbon atoms, and phytenic acid, 
which is readily converted into an isomeric lactone, should possess 
the formula Cj^Hgj'CMe.CMc'COoH, since Fichter, Kiefer, and 
Bernouilli’s results (A., 1910, i, 88) show that alkyl groups in the 
a- and ^-positions produce instability of the A'-acids towards 60% 
sulphuric acid, being transformed thereby completely into lactones. 

The hypothetical structure suggested for phytol by Willstatter, 
Mayer, and Hiini (loc. cit.) thus becomes improbable, the occur- 
rence of derivatives with branched carbon atom chains and of none 
with normal chains among the oxidation products indicating com- 
plex branching of the carbon atom skeleton of phytol. 

The purification or isolation of ketones or aldehydes by converting 
them into derivatives which contain an acidic group, and hence 
yield salts capable of crystallisation, is illustrated by various 
examples. 

Thus', mefh^l-etht/l-kefotie-phe.Uf/llh/ilru'one-m-carhoxi/lic acid, 
obtained by the action of wi-hydrazinobenzoic acid on 
the ketone, crystallises in plates, in. p. 143°. Methi/l-hexyl-ietone- 
lihenylhydrazone-m-carhoriiUi; mid does not crystallise, but its 
iimm.oniiim salt, Cj^TTjjOjNj, crystallises in bundles of leaflets, m. p. 
151°. Methyl-miiiyl -ketone- [then yihydmmne-m-mrhoxylic acid 
forms spherical, crystalline aggregates, ni. p. 93°, but is unstable; 
its ammonium salt, crystallises in colourless leaflets, 

m. p. 146 — 147° (frothiiigl. Melhyl-xlearyl-ketone-phenylhydr- 
azone-va-cnrboxyUc acid, C. 2 cH,jO.,N.j, forms spherical, crystalline 
nodules, m. p. 83 — 84° (decomp.), and its ammonium salt, which 
crystallises in leaflets, ra. p. 136° (decomp.), is, like the compounds 
described above, converted quantitatively into the ketone by boil- 
ing 17% sulphuric acid. C'un'oiie-i>heiiylhydrazone-m-i'nihoxylic 
(o/id, C] 7 H. 2 ,| 02 N 2 , separated from commercial carvone mixed with 
four times its quantity of limonene, forms rhombic plates, in. p. 
158°. Methyl-nonyl-ketone-X-napklhythydmznne-i-sulyhonir. , acid 
gives a crystalline mlinm- salt, m. p. 2,50 — 252° (decomp.), Methyl- 
■niiriiiir-arid-l-napkthylhydrnzone-i-xidphonic acid, obtained by 
hydrolysing the ketone-l-naphthylhydrazon6-4-sulphonic acids by 
means of methylsuccinic acid, forms a potamnm salt, 
C,,,H„0„N,SK-4P20, 

which crystallises in yellow leaflets, loses its water of crystallisation 
at 100—110°, and has m, p. 203 204° (decomp.). 

When treated with potassium 1-napbtlivlhvdrazinB-4-sulphonat,e, 
the ketone obtained by oxidising phytol by means of either ozone 
or chromic acid gives a potassium salt, C.,yH 4 ] 03 N.iSK, which 
crystallises in slender, white needles sintering at 140°, m. p. 
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164 — 166“ (decamp,). The ketone yields a semicatjjj 
CijHjjON,. m. p. 66-6— 67°. The pure ketone, CuH^O, obtaij'l 
fay hydrolysis of either the above potassium salt or the semi™ ? 
azone, contains 3 — 4% of the enolic modification, and forms a mim 
less, mobile liquid, b. p. 176 — 175'5°/11 mm., DJ 0'844, Dji q.jJ 
•flg’ 1'44516. Its oxime, CijHjjON, is a colourless, viscous oil (, 
201-6— 202°/9 mm., DJ 0-879. The alcohol, CijHjjO, obtained'^, 
reducing the ketone by means of sodium and alcohol, fotm, ' 
viscous oil, b. p.. 176— 177-5°/10 mm., DJ 0-847, Df o-® 
h'S 1-45037. When heated with phosphoric oxide, this alcohol civ,' 
the olefine, b. p. 288— 291°/719 mm., 153— 155-5°/10 m„i‘ 
Df 0-790, -which in acetic acid solution is converted by platiim,^ 
and hydrogen into the corresponding paraffin, b n 

161— 162°/15 mm., DJ 0-794, Df 0-780, «?■ 1-43763. This paraffin 
is not identical with the saturated hydrocarbon previously descritsd 
as a product of the fractional distillation of the crude ketone. Ib( 
formation of the hydrocarbon, CisHjc, b. p. 131— 132°/13 mni„ 
249— 250°/718 mm., as a by-product of the hydrolysis of piyW 
ozonide is confirmed. 

The action of ozone on the ketone in ethyl chloride solution yields 
the pero.xide, Cj7n}j0.2, as an oil, DJ 0-899, Df 0-885, with i 
piercing odour. A considerable part of the oxygen taken up is lost 
when the peroxide is distilled, even under diminished pressure, It 
gives an intense reddish-brown coloration with titanium sulphate 
and liberates iodine, but not in the calculated proportion, from acid 
or neutral potassium iodide solution. Even the most active 
reducing agents convert the peroxide, not into the original ketone, 
but into products containing more oxygen than this; from these 
products or from the peroxide itself, the pure ketone may, how- 
ever, be obtained by way of the semicarbazide. Similar behaviour 
is exhibited by methyl noityl Icetone •peroxide, CijHjjOj, whiel 
forms a colourless oil of piercing odour. 

The oily, fatty acids formed together with formic acid by oxidisinj 
])hytol in various ways, by oxidising the ketone, by rtieans 

of either chromic acid or alkaline bromine solution, or by boiliug 
the ozonide of the hydrocarbon, CiyH,,. apparently range in fomiiila 
from C,„H3.,0., to C,|H|.,0.,. The ozonide yields also a hydromrhm. 

b. p. 114— n7°/ll mm., 241— 244°/723 mm., and ftis, 
when oxidised, gives a mixture of carboxylic acids and a carbonvl 
romponnd, ( ? ketone), which is a mobile liquid, b. p. B4° 

14 mm., 188— 189°/726 mm", with the odour of lemons, and fonis 
a semicarbazone, m. p. 121 — 123°. 

Fractionation of the acids formed on degradation of the 
C,,TT.., and purification by means of the xUver salt, w. p. 1^'-“ ' 
gives mainly the acid. CinH-fO^, b. p, 201 — 204°/l.'i '™*-- , ' ' 

Df 0-887, n? 1-44967; the corresponding amide. IM ' 

leaflets, m. p. 46-5— 48-.5°. '''- 

/J-HomocheUdonine. Kasjiro Momoya {d. Pharm. 

1919, No, 444, 110—118 and 6— 8).— Protopme and 6 to 



OEOAKIC CHEMI9TEY. 


i. 451 


chelidonine, occurring in the alcoholic extract of the roots of 
Madeya, cor^te. are best separated by means of dilute aqueous 
ammonia. At 13 , the solubility of protopine in 1% aqueous 
ammonia is MS grams per litre, whilst that of d-hoinochelidonine 
6 0 grams per htr. Still further purification is p^ ” t Iwgl 
the hydrochlorides; 100 c c. of water at the ordinary temperature 
dissolve 14 5 grams of ^-homoehelidouiiie hydrochloride but only 
0'7 gram of protopine hydrochloride. ^ 

3-Houiochelidonine yields two crystalline with methyl 

iodide, one (IHjO), easily soluble, m. p. 198°, the other (3H,01 
sparingly f '-ble m^p. 211°. With methyl sulphate, it yields a 
mtlhosulpkaU (SH^O), m. p. 215°. With mercuric acetate, it 
yields a new base, dthydro-'p-honiochelidonhie which melts at 
re-solidifies, and melts again at 203-204°. It is optically inactive! 
dissolves in ethyl alcohol and m chloroform, but is sparingly soluble 
in water. By oxidation with potassium permanganate, it yields 
m-hemipinic acid and an acid, C„H„0,N, which was not further 

Chemical Abstracts. 


Cmchonidine. E. LteKB {Commit, mtd., 1919, 169, 67—70) — 
With hydrobromic acid (D 1-5), cinchonidine yields hydrobmmo- 
cmchmidme hydrobromide, m. p. 95°. When heated for forty- 
eight hours with 50% sulphuric acid, cinchonidine gives hydroxy- 
dihydrocinchonidine, m. p. 242—243° (corr.), 

[®]d -101'7° (in alcohol), giving a diacetyl derivative, Itis formed 
by the addition of the elements of water to the grouping CH.ICH' 
to give the grouping CH 3 -CH(OH)-. When heated with 70% 
sulphuric acid at 115° for ten hours, hydroxydihydrocinchonidine 
yields apocinchonidine aud j8-cinchonidine, thus differing from the 
o.xydihydrocinchonines, which give cinchonigine, cinchoniline, and 
iipocinchonine. Based on these observations, the author suggests 
for hydroxydihydrocinchonidine and o- and 6-hydroxvdihydro- 
cinchonines the constitutions indicated in formulse I and 11 
I'espectively, where Q represents the quinoline residue : 


CH 

HO-CHMe-HC^i^CH^ 

HjC!^|^CH-CH(OH)-Q 

N 

(I) 


CH 

HjC/c^CH-CHMe-OH 
I 1 

HjC^>^CH-CH(OH)’Q 

N 


<U.) 

W. G. 


Constitution of Cytisine, Ernst Spath {Uomtsk., 1919, 40,, 
15 33). — The author discusses previous publications on the con- 
stitution of cytisine (Partheil, A , 1893, i. 119; 1894, i, G58; 1895, 
i. 119, 254; Freund and Friedmann, A., 1901, i, 288; Freund, A., 
1904, i, 263; Freund and Horkheimer. A,, 1906, i, 302), more par- 
ticularly those of Ewins (T., 1913, 103, 97) and Freund and Gauff 
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(Arch. Pharm., 1918, 256, 33). The author shows (foil,,,; 
abstract) that the eytisoline obtained by Freund by the actioj 
of hydriodic acid and red phosphorus on cytosine is 2 -hydro.\y -(5 .^ 
dimethylquinoline. As regards the presence or absence of tie 
quinoline ring in the cytosine molecule, the asaumption that tie 
pyridine or benzene nucleus of eytisoline arises by extension o( ^ 
five-niembered ring is an improbable one; further, van de Moers 
reaction (A., 1891, 946; also Gorter, A., 1896, ii, 344) indicate; 
distinctly the presence of an o-pyridone rraidue in cytisine. Tit 
6 - and 8 -methyl groups of eytisoline may exist in the same positiem; 
in cytisine, or, as Ewina suggested (loc. cit.), that in the 6 .position 
may have arrived by migration during the conversion of cytisinj 
into eytisoline. The oxygen atom most probably occupies cerre 
spending places in the two molecules. In cytisine, the oxygen afo„ 
exists in the form of neither hydroxyl, nor normal keto-group, jot 
as a bridge; the assumption that it occupies the same position e 
in eytisoline renders probable its occurrence as an acetylamino- 
carbonyl group, as in a-pyridone. Since cytisine exhibits market 
resistance towards reducing agents, the assumption is justified that 
the two double linkings form a conjugated pair in a single ring. 

On the basis of the above considerations, the fourteen possible 
structures for the cytisine molecule are discussed, the decision in 
favour of the annexed formula resting on the apparent formation 
of' (sovaieric acid by the action of 
barium permanganate on cytisine; 
this action is to be 
further when 


.CH.-OHMe., 

NH'CH< >CH, 

I \c==c( 
gh-n/ 

\CO CR-^ 


' 0 

a larger supply of 
cytisine is available. The similarity 
of tins structure to that of leucine, 
which frequently occurs tree in tie 
Papilion/icffif, suggests that this amino-acid may be the patent 

substance of the cytisine. . i ■ r i 

Van de Moer’s reaction is given by a number of derivative! o 
2-pyridone, especially with l-methyI-2-pyridoue, and also ttaiigl 
less' intenselv, with l-methy 1 - 2 -quinolones and l-metbyl- 2 -hydrosy- 
quinolines. ' The reaction is also shown by 2 -hydroxyqumoliiie. 

2 -hydroxy-6-methylquinoline, 2 -hydroxy- 8 -methylqumoliiie, -by ' 

oxy-6 : 8-dimethylquinoline, 2-ketO'l : 6-dimethyl-l : f 

quinoline, 2-keto-l : 8-dimethyl-l : 2-dihydroquinolme, and 
1 ■ 6 : 8-trimethyl-! : 2-dihydroquinoline. Negative resul a 
obtained with hydrocarhostyril. its 1-methyl derivative, and Wyoi- 

v^vd™™rbo*f?n7, C„TI,ONMe, prepared from carbostpij. 
sodium methoxide, and methyl sulphate, foj™ d 

165— -lee^/lS ram., and is difficult to demethylate by 

hydriodic acid. , j „„„ mves witl 

Zerowitinov’s method of estimating active hydrogen gi 
cytisine an amount of methane correspontling wi . 
active hydrogen, a similar result being obtained wi ^ p 
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Syntheaiflol C^isolme. Kbhot SpXth (Momtsh., 1919 40 

“r ’ proved ’to b; 

2-hydroxy-D . o-dimethylquinoline (compare Ewins T 1913 103 

97) by the following method. The additive compound obtained by 
warming 6 : S-dimethylqumohne with methyl sulphate is oxidised 
by potassium ferricyanide and aqueous sodium hydroxide solution 
to %uto-\-.&-.^-tnmelhylA:2-dthnIroquinolme, C,JI,,0N faintly 
yellow crystals, in. P- 71- 72°, which is converted' by phosphorus 

pentachioride and a littJe phosphoryl chloride at 135 140° into 

methyl chloride and 2-ehloro-6:Sdimet!ii/hjinndi,ie, long needles 
m. p. 56°. The heating should not be prolonged after methyl 
chloride ceases to be evolved; if it is continued for six hours, the 
product is a dichloro/fimethylijuimline, long needles m’ n 
108—109°. 2-Chloro-6 : 8-dimethylquinoline is converted into 
2'hydroxy-6 :^8-dimetnylquinoline by heating with water at 240‘^ 
for two hours, or, better, with methyl-alcoholic sodium methoxide 
at 100° tor forty-five minutes, the resulting 2-methoxy-6 :8- 
dimethylqumoline being easily converted into 2-hydro.xy-6 :8-di- 
methylquinolme by heating with conceutrated hydrochloric acid at 
210—220° for two hours, or simply by evaporation with hydro- 
chloric acid and subsequent heating on the water-bath. 

The identity of 2-hydroxy-6 : 8-dimetliylquinoline, m. p. 
201 202°, with cytisoline (m. p. 199°, according to Freund, he. 
cit.) is shown by the m. p. of the mixture, 200—201°. by the con- 
version of each into identical chloro-, methoxy-, nitro*. and tetra- 
hydro-derivatives, and by the formation of cytisolinic acid from 
each by oxidation wdth chromic and acetic acids. 

Other substances were examined in the course of the investiga- 
tion. i-HydroTy-G'.Mimefhylqui/inlitie, needles, m. p, 221°, 
softening at 219°, was obtained as follows, 
irimethylqninoline.. m. p. 263 — 264°. prepared from m-4-xylidine 
and ethyl acetoacetate by Conrad and Limpach’s method, was con- 
verted in warm methyl-alcoholic solution liy methyl sulphate and 
sodium hydroxide into 4-nietho.ry-2:G:S-frfmethidqinnoline. pearly 
leaflets, m. p. Ill — 112°, which is much more difflcultly hydrolysed 
by hydrochloric acid than are the 2-methoxyquinolines. It reacted 
with benzaldehyde at 135 — 140° in the presence of zinc chloride to 
form i-methoxy-2-styryl-& : S-dimefhylquinoUne, 

trichroic needles, m. p. 137 — 138°, which in glacial acetic acid solu- 
tion containing a little concentrated sulphuric acid was oxidised by 
potassium permanganate solution, yielding a quinolinecarboxylic 
acid. This was not isolated in the pure state, but was converted 
liy evaporation with concentrated hydrochloric acid into A-hydroxy- 
^'■^^f^^methylquindline-2-carhoxylic. arid, m. p. 250° (decomp.), from 
which 4-hydroxy-6 : 8-dimethylquinoline was obtained by heating 
in a vacuum at 260 — 280°. The last compound yielded 6:8-di- 
iTiethylquinoline by distillation with zinc dust, and thus the proof 
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was furnished that the methyl group « oiy- 

2:6 : 8.^ethylquinoline entered >nto roactmn WUehyd,. 

2-Hijdraxy-(,-nieihylqmndtM, needle, ^ 233 , a„j 

9 hvdroxv-^methylqmndvie, needles, m. p. 219 .220«, wets 
«.™ihvlmiinoUne and 8-methylqumoUne rsspccti, 


pared from 


meihylqnmolxnt, neea es, m. , were 

fi-inethylqninoUne and 8 -methylqumoUne respcct«el, 
same wav as 2 -hydroxy- 6 ; 8 -dimethylqiimohi,e above; tfe 
iLrmediate compounds are, in the 

5 «.«oJme uMdks m. p^ 24e«,-l •.S-dmertjI-l:,. 

Zme, m. p. 63 , an^ ^ 198-198'5“/13 m® 

TT onS Sarmaline. UI. and IV. William Hksr, 

’’"b 

967—972). 

, ,i,a Solubilitylo! Sparteine. A. Vauh 

An Anomaly 145_151).— Mixing aqueous solii- 

(Sid/. SCI. and sparteine sulphate results in » sligkt 

tious of sodium sunernatant oily layer, or complete trais- 

turbidity, separa 1 concentration and temperature. lutteai# 
pareucy, deP^^ding ^ 

in temperature ca sparteine sulphate, produced by tie 

abnormal solubility P neutral sulphate. Sparteine 

action of sodium ® 0 . 496 % solution becomes turbid at 13 o", 
alone shows abnormality ; 04%% solut on ^ 

“rthe f P “Ability is decreased by sodie 
turbidity at the b. ^ ^ 9 . 03 % solution of sparteat 

carbonate, thus « * Using progressively regularly increaMj 

becomes turbid on boil ng. 0^46') in 5 % sodium carbonate, tie 
amounts of pure apa^“* (W 2 4b solutions began it 

author found that the temp ^ ^ 2 ' 5 ° with each increase in 

become turbid was .tStbeUeen 0'09% and MSS.ie 

0-01% of sparteine in 250 , Above or beb* 

temperatures ranging appeared. A curve is presented 

these temperatures irre^ ^^bonate solution caused apF 

Variations in tl'^alrtgbb t ,,tl „gi to 

priate variations m the obtained with the 5% sodi® 

were found to run parallel ^ “at ^ 
carbonate solution. The ™®“od and observing * 

in a tesUube with “ t„bidity. It was 

exact temperature of the ^ J either a new tube 

£E,r 
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with O-W-iydrocHonc acid, using methyl-orange, by precipitation 
with silicotungstic acid, by precipitation with picric acid, and by 
obsen-ing the temperature of appearing turbidity in 5% sodium 
carbonate. The results coincide, and give about 0-32% as the solu- 
bility of the compound at 22°. Chemical Abstracts. 

Constitnlion of the Dialkyltetrahydrodipyridyls. Bbcno 
Bmmert (Ber., 1919, 52, [B], 1351 — 1353). — ^It was observed by 
Hofmann (A., 1881, 921) that unstable, dialkyltetrahydrodipyridyls 
are formed by the action of sodium amalgam on alkylpyridinium 
haloids, and it was assumed that the pyridine nuclei were united 
in the o-position. The author has obtained similar substances by 
the electrolysis of alkylpyridinium salts and by the action of water 
on sodium pyridine (A., 1909, i, 602; 1917, i, 221), and has there- 
fore endeavoured to deduce their composition with greater certainty. 
Attempts to reduce A’i^'-dibenzyltetrahydrodipyridyl to the corre- 
sponding dipiperidyl were unsuccessful by reason of the tendency 
of the substance to resinify, but, on distillation -with zinc dust, 
toluene and 4 ; 4^-dipyridyl were obtained. The presence of 
3 : 2'-dip,yridyl could not be detected, so that, contrary to Hofmann’s 
assumption, the pyridine nuclei in such compounds are united in 
the 4-position. H. W. 

Isomerism amongf Derivatives of Indasole. K. vox Auwers 
(Ber., 1919, 62, \B], 1330 — 1339). — The recent communications of 
Harries (this vol, i, 131) and Frennd and Kessler (this vol., 
i, 283) on isomerisation among heterocyclic bases have induced the 
author to publish a preliminary account of investigations of a 
similar nature which are being carried out in bis laboratory. 

1 - Acetylindazole, is prepared by the Beckmann 

transformation of o-aminobenzaldoxime, but the yields in different 
experiments vary greatly; it has m. p. 169 — 171°, b. p. 191°/ 
15 mm. (slight decomp,). The sparingly soluble nitrate crystallises 
in small, shining needles grouped in rosettes, whilst the eom'ponnd 
with mercuric chloride foqjis flat, shining needles. 1-Acetylindazole 
is readily converted by alkali hydroxide or by boiling water into 
the .V-acetyl derivative of o-aminobenzaldoxime or into the oxime 

itself. 2-Acetylindazole, <9 ”>NAc . exists in two forma. 

The stable modification, long, transparent, oblique prisms, m. p. 
42—43°, b. p. 260°, is formed by the action of acetic anhydride on 
jindazole, and is rapidly hydrolysed by warm acids or alkali hydr- 
bsides; it yields a double compound, with mercuric chloride. The 
labile modification crystallises in needles or plates, ra. p, 106°, and 
(s prepared by the action of acetyl chloride on an ethereal 
pspension of the silver salt of indazole or by acetylation of indazole 
pith acetyl chloride in the presence of pyridine. It is converted 
pto the stable derivative, m. p. 42 °, when distilled under diminished 
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pressure, ty crystallisation from solvents of moderately liigj 
ing point, and, slowly, at Uie ordinary temperature. 

W .^f-alkylindasoles have been investigated by Fischer as j y,] . 
(A., 1885, 541), who prepared the 2-alkyl derivative by 
indarole with aikyl iodides. When, however, indaiole is 
with alkyl iodides and sodium in the presence of methyl ot etl,| 
alcohol, mixtures of 1- and 2-alkylittdazoles are obtained, whid,;, 
most conveniently separated by fractional distillation followed It 
crystallisation oi the individual fractions, or, when this is J 
possible, by means of the picrates. The course of the readioj j, 
deduced from a study of the action of ethyl iodide, sodinm, „j 
ethyl alcohol on 3-methylindaiole, whereby a mixture of 3-EetltI. 
l-ethylindazole, b. p. 245-5“ (ro. p. of picrate, 19M92*;, 
19'>— 194“ according to the rate of heating), and S-methyl.J.etln.]. 
indazole. b. p. 284--285“ (m. p. of picrate, 213-213“), is obtainA 
the prodiicte being identical with those described by Fisckti aj 
Tafc! (foe. at.). H. W. 


Alkyl Derivativei! ol IndaFole-S-carboxylic Acid, K.tos 
Auwsbs and R. Debeser {Her., 1919, 62, [5), 134a-1351),-lii( 
action of various alkylating agents on indazole-3-carboxylie acid aid 
its esters has been investigated. The behaviour is more airoplB 
than that ot indazole itself (preceding abstract). Portiinatelj, fc 
widely differing ease of esterification of the alkylindazolecitbosylit 
acids affords both a means of fixing their constitution and alaiot 
separating mixtures of them into their components. Thus iniJarie 
3-carboxylic acid is readily esterified by the Fiseber-Speier pnras. 
and this is true of one ot the alkylated acids, which is tin i 
1-alkvl derivative, whereas the second acid, which can only lx 
esterified with difficulty, must he the 2-alkyl compound. Tb est« 
of 2 -alkylindazoM-carboxylic acid are obtained by the acta of 
alkyl iodides on the silver salt ot the acid or on the silver m- 

’’'’lltact alkvlation of indazole-S-carboxylic acid with %' > J 
is not a suitable method, since the substances scarcely react at I®, 
whilst at higher temperatures compounds rantaraing , 

The method may, however, be applied te the esters, thus me J 
indazXs^arboxvlate and methyl iodide at 100“ yield a 
of methvl 2-met.hylindazole-3 cathoxvlate and the 
acid (formed by the action of the liberated hydrogen , 
Si 'ester does'not react with ethvl iodide " I 

2-Alkylmdazote3-carhoxy to acids are » 

action ot methyl or ethyl su phate kin 

indazole-S-carboxyhc acid, the I -alkyl iso ^ ^ 5 ^,, *. 

formed at all or in verv small amount ™ s.jietW 
similarly treated, vielda, however, a mixture ‘ ^ 

derivatives. Methyl indazflle-3-carhoxylate i, ^ 
methane exclusively into the ^methyl compound. ; 

Alkylation with sodium alko.xide and a k ,f 

general, to a mixture of isomendes, the relative | 
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which vaiy with the particular ester used and also with the alkyl 

iodido. 

The «tep of indazole-3-carboxylic acid and ite homologues can 
be distilled without undergoing decomposition, whilst the corre- 
sponding free acids eliminate carbon dioxide when heated and yield 
the indazoles; with the 1 -alkyl acids, this happens at the melting 
point, with the 2-alkyl acids, however, at a higher temperature. 

The followmg individual compounds are described: indazole-S- 

carboxylic acid, m. p. 260 — 261°; methyl ester, m. p. 168 169°- 

ethyl ester, yellow, shining needles, m. p, 136—137°; ‘l-methyi 
indaide.-'i-carhoxylu acid, in. p. 224-225° (decomp.); methyl ester 
yellow crystals, m. p. 61—62°; ‘l-ethylindeKoh-Z-carboxylic and, 
small leaflets, m. p. 180 181°; ethyl ester, slender needles, m. p. 

47 — 48°, b. p. 179 181°/11 mm.; \-methylindazoh-Z-carhoxylic 
acid, slender needles, m. p. 213—214°; methyl ester, colourless 
needles, m. p. 75—77°; \-ethylindmol-e-S^carboxylic acU, glassy 
needles, m. p. 162—163°; ethyl ester, b. p. 190— 192°/10 mm, 

H. W. 


The Indirubins. Jh. Martinet (Cmft. rend., 1919, 169, 
183— 185).— The author has prepared a number of substituted 
indirubins by three different processes, namely, (1) condensation of 
the isatins with indoxylie acid in slightly alkaline medium in an 
atmosphere of hydrogen; (2) condensation of the same isatins with 
2-anilinoisatin in aramoniaoal sointion in a current of hydrogen 
sulphide; by this method, a large part of the product often 
remains in the mother liquor as a leuco-base, in which case, after 
filtration, these liquors should be warmed in a current of air; 
(3) very easily by adding to an acetic acid solution of the isatin, 
wanned on a water-bath, the technical fusion of phenylglycine. 

The following indirubins have been prepared : 

From isatin, indirubin itself; from 1-methylisatin, 2-indoxyl-l- 
methyliiidole ; from .5-bromo-1-methyliaatiii, 2-indoxyl-3-{5-bromn-l- 
methyl)indole, m. p, 265 — 266°; from l-ethylisatin, 2-indoxyl-3- 
(l-ethyl)indole ; from 5-hromo-l-ethylisatin, %indo.ryl-3~(5-brom.n-l- 
fthyl)inMe, m. p. 250 — 251°; from .5-methylisatin, 'l-indoxyl-Z- 
(b^methyiyndole, m. p. 289°; from 5 : f-dimethvlisatin, l-indoxyl-Z- 
(b\l-dimethyl)indole, ni. p. 337°; from 1 : 7-trimethyleneisatin. 
i-indoxyl-3-(l ■.7-trimelhylene)indole, m. p. 262°; from 5-methyl- 
1 : 7-triraethyleneisatiii, 2d ndo.vyl-3‘(5-ni.ethf/l-\ : l-trimethylene)- 
imlole, ra. p. 265°; from 5-methyl-l : 7-a-methvItrimethvIeneisatin, 


\/\/W 

! N 


'2-iffdo.Tyl-Z~{5-mei hyl - 1 7-a-m.e t hyl~ 

p /\ tnmetki/Jene)indoJe (annexed form- 

' I I iilaV m] p. 204—205°. 

CO I AH of these substances are obtained 

\/\/ slender, brownisb-violet needles. 

NH They ^ve violet-red, alcoholic solii- 
tions, the colour of which is rapidly 
removed on warming with a few drops 
of potassium hydroxide in the case 


of those indirubins which have a sub- 
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stituent attached to nitrogen. [See, further, J. Soc. Chetn / j 
September.] ^ ’ 

HyduriUc Acid and s-Dimethylhydnrilic Acid. Hei'iii, 

Biltz and Mtbon Heyk (Ber., 1919, 52, [B], 1298-~i3m'^'’ 
HyduriUc acid is conveniently prepared by the action of heat 
dialuric acid, conversion of the crude product into S-bromo? 
ethoxyhydurilic acid, and reduction of the latter with stannc* 
chloride. It is also readily obtained by oxidation of barbitn* 
acid in aqneous solution with potassium permanganate, but is not 
formed from an acid solution. Hydurilic acid is itself furthet 
oxidised by permanganate, probably to 6-hydroxyhydurllic add- 
the product, however, could not be adequately purified and' 
further, could not be reduced to hydurilic acid. 5-Metloxii- 
hydurilic add is readily obtained by the gentle reduction of 
5-bromo-5-meihoxyhydurilic acid (Biltz, Heyn, and Hamburger 
A., 1916, i, 507) by potassium iodide or sodium sulphite, whilst 
more powerful reducing agents yield hydurilic acid; it forms coarse 
hexagonal platelets, which soften at 170° and decompose at 
330 — 240°. With bromine and water, it re-forms bromomethoxy- 
hydurilic acid, whilst with chlorine it gives 5 ; 5'-dichlorohydurilic 
acid. %-FjthoxyhyduriUc add, prepared in a similar manner, 
crystallises in pyramids or double pyramids, which decompose it 
about 242° after becoming rod atabout210°. Thealkyloxyhydurilic 
acids are powerful acids; pntofsivm me.thoxyhydurilate, rectangular 
platelets, is described. The alkyloxy-acids eliminate alcohol when 
heated, and yield dehydrnhydurilic add, 



which could not be crystallised without change and which decom- 
poses at about 250°; it appears to be converted in aqueous solution 
into 5-hydroxyhydurilic acid. The solid acid (but not the aqueous 
solution) is reduced by potassium iodide to hydurilic acid. With 
methyl alcohol, chlorine, and bromine, respectively, it yields 
.5 -methoxy hydurilic acid, 5 : S'-dichlorohydurilic acid, and 
bromohydiirilic acid, long, four-sided prisms which evolve hrcminc 
at 110° and decompose at 160°. When heated at 120°, the dibromo- 
acid yields dehydrohydurilic acid, thus exactly resembling 5 : 5'-di 
bromotetramethylhydurilic acid ; with alcohols, it gives 5-alkyloxy- 
hydurilic acids, whilst dilute aqueous ammonia converts it into 
5-aminohydurilic acid, leafleto, decomposing from 70°; the latter is 
reduced by stannous cbloride to uramil and barbituric acid, h 
reacts with potassium cyanate and molten carbamide, without, how- 
ever, yielding erystallisable substances. Solid dehydrohydurilic acm 
also reacts with an aqueous solution of carbamide, giving a .in 
ttance, rectangular platelets, ra. p. about 140° (decomp.) a ' 


softening at 130°. , 

5-Metboxy- and 5-elboxy-tctramethylhyduribc acids are mo 
conveniently prepared by the reduction of 5-bromo-6-nie oxy 
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5-broino-5-ethoxy-tetram6thylhyduriUc acids with potassium iodide 
than by the process previously described {loc. cit.) ■ tetramethyl- 
debydrohydurilic acid readily reacts with chlorine to yield S;5'-di- 
chlorotetramethylhydurilio acid. 

Unsuccessful attempts are described to prepare a monomethyl- 
hydurilic acid by tbe action of beat on methylalloxantin ; the pro- 
duct, however, was hydurilic acid. Similarly, diethylbarbituric 
acid was found not to condense with dialuric acid. 

[In part, with H. BtiLow.]— s-DimefAyfAydurific acid, rhombic 
platelets, which decompose at 306—308° after darkening at 270°, is 
prepared by heating s-dimethylalloxantin at 150°, and is conveni- 
ently purified through 5-bromiyh-ineth,oxydimethylhy(iurilic add, 
which decomposes at 235 — 240° after softening at about 225°, It 
is converted by methyl sulphate into tetramethylhydurilic acid. 
i.Bronuhb'-eihoxydimetkylkydvnlie acid forms rhombic platelets 
decomposing at 206 — 207°. h-Melhoxydim.ethylhydmilic acid, 
rectangular platelets, decomposing at 165° after softening at 150°, 
and 5-ethoxydimethylhydunlic acid, rectangular leaflets, which 
decompose above 300°, are prepared by the reduction of the corre- 
sponding bromo-acids with sodium sulphite. The former, when 
heated under diminished pressure at 150°, gives crude dimethyl- 
dehydrahydurilic acid, which, however, could not be purified; on 
reduction, it yields dimethylhydurilic acid, whilst bromine trans- 
forms it into 5 ; 5^-dibromodiniethylhydunUc acid, which loses 
bromine at 80°. 5',5'-Dicklorodimethylhydurilic acid is obtained 
by tbe action of hydrochloric acid and potassium chlorate on 
dimethylhydurilic acid; it forms rhombic platelets, which decom- 
pose at 295 — 300° after becoming discoloured from 270°. H. W, 

Formation of Cyanic Acid by Oxidation of Organic 
Substances. Its Identification Based on Quantitative 
Analysis. R. Fosse {Crnnpt. rend., 1919, 169, 91— 93).— The 
l)resence of cyanic acid in solutions of proteins, alone or with 
de.xtrose present, and in anunoniacal solutions of amino-acids, 
glycerol, carbohydrates, or formaldehyde, after oxidation, is shown 
by isolating it as its silver salt and analysing this salt. The solu- 
tion after the oxidation is almost completely neutralised with nitric 
acid and silver nitrate is added. The precipitate is collected at 
the pump, washed, and extracted with hot water. On cooling the 
hot extract, the silver cyanate crystallises out, and may be collected 
and dried. The salt is heated on a water-bath for one hour in 
anunoniacal solution with ammonium chloride, after which the 
solution is acidified with acetic acid and the silver chloride is 
collected on a Gooch crucible and weighed. The carbamide present 
m the filtrate is estimated by the usual method. W. G. 


Ultramicroscopy of Egg-albumin, J. F. McClendon and 
J. Pebndergast (J. Biol. Chem.., 1919, 38, 549). — A saturated 
solution of carefully purified crystalline egg-albumin in distilled 
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water had a ft, about i% and the ultramieroscope showed odIv 
occasional subinioron. On bringing it to p„ = 4'8 and re-esami^** 
it by the microscope, there was a slight increase in the niimbe/! 
submicrons. This points to the protein existing in true solutj ” 
and it is remarked that it seems unfortunate that clear soluti™’ 
of protein should be classed with suspensoids under the 
“colloids.” J. C. D 

The Nomenclature of Blood Pigment and its Derivatives 

William Dobinson Hallibukton and Otto Rosenheim (Bioti,,, 
1919, 13, 195— 198).— Attention is drawn to the unsatisfaclort 
system of nomenclature of the blood pigments and their derivative 
introduced by Hoppe Seyler. As an entirely new system wonij 
confuse the literature, it is suggested that a considerable simphfica. 
tion of that at present in use would be effected by the deletion oi 
the ill-chosen name hsemochromogen. It is pointed out that tli 
substance is without doubt identical with reduced haematin (Stohs 
Proc. Pay. Soc., 1864, 13, 353). The substance hitherto tennei 
hraiatin should be called oxyhaematin. This small change render! 
it possible to show the relationship of the blood pigments and their 
derivatives by means of a very simple table. J. C. D, 


The Efiect of Alcohol on the Digestion of Fibrin and 
Caseinogen by Trypsin. Edward Stafford Edie {Biochm. 1, 
1919, 13, 219— 225).— The action of trypsin on fibrin and oi 
caseinogen is affected by dilute alcohol to such different degi-eee 
that it is reasonable to suppose either that there are two enzymes 
concerued in the digestion of these proteins or that different groups 
of the same enzyme molecule take part in the hydrolysis of tie 
different proteins. J. C. D. 


Additive Compounds of the Halogen Acids with Di 
phenylarsinic Acid, V. Orionabd and G, Rivat (Coinyf. rcid., 
1919, 169, 126 — 129). — When diphenylarsinic acid is dissolved m 
hydrochloric acid (D 1’17) and the solution allowed to cool, fh 
hydrochlorUh, AsPh.,0-OH,HCl, m. p. 134°, is obtained, but ii the 
acid is fii-st diluted with two volumes of water, the hydmUom, 
2AsPh,0-0H,HCl, m. p. Ill— 111-5°, is obtained. The first hydri- 
chloride may be converted into the second by wanning it in chlo^ 
form with an equimolecular proportion of diphenylareinic w . 
whilst the reverse process is brought about by dissolving t e secon 
hydrochloride in hydrochloric acid (D 1-17). In a similar 
two hydrohromiihs the one, AsPh.,0-OH,HBr, m. p- 1- ’ 

the other, 2AsPh,0-0H,HBr, m. p. 119-B-lf . J; 

obtained. The hydrobromides are less stable than ; 

'^*'[b"'^Si. MAUGUIN.]-The crystallographic measurements for tie* 

addition comjiounds, all of which crystalhse in e ^ 
system, are: the hydrochloride, AsPh 20 - 0 H,Htl, 
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0 8063:1: ?, 6— 109“25'; the hydrochloride, 2AsPh„0-0H HCl ha? 
,:J:c=0-6346:l:0-801, j3=94“30'; the hydrobroofide 
AsPhjO-OH.HBr, 

has a: & : • 1 • B=108°26^; the hydrohromide 

2AsPh20-0H,HBr, 

has : 6 : c=0'6333 : 1 : 0*779, j8 = 93°56^. q 


Physialogical Chemistry. 


Relation between the Electric State of the Cell WaU and 
its PermeabUity to a Given Ion. Pisere Girard (Compt. rend. 
1919, 169, 94 97). — The author has shown that, by modifying the 
charge on the cell wall in the case of blood corpuscles, its per- 
meability to chlorine ions is also modified. In suspension in 0'9% 
sodium chloride solution, the corpuscles neither absorb nor emit 
chlorine, but in a similar solution acidihed with lactic acid, taking 
into account the expansion of the corpuscles, it is shown that 
chlorine passes in, due to the electrification of the cell wall by the 
hydrogen ions of the acid. This positive charge induced by the 
hydrogen ions on the cell walls is partly annulled if the acid used 
has a high valency, as is shown by replacing the lactic acid with 
citric acid. The presence in the sodium chloride solution of a non- 
to.xic, alkaline salt, such as potassium carbonate, tends to increase 
the negative charge on the cell wall, and clilorine, instead of pass- 
ing into the cell, passes out. 


Efiect of Diet on the Alkaline Reserve of the Blood. 

J. P. McClendon, L. von Meysendug, 0. ,T. Engsthand, and 
Frances King (/. Btol. Chem., 1919, 38, 539— 548).— The alkaline 
reserve in man and the dog appear.? to be very resistant to the 
influence of the diet. In the case of the rabbit, however, changes 
due to diet or starvation were noted. J, C. D. 


The Action of Ultraviolet Rays on the Accessory Food 
Factors. Sylvester Solomon Zilva {Biochem. J., 1919, 13, 
164 171), — The accessory food factor present in butter is in- 
activated by exposure to ultraviolet light for eight hours. This 
treatment also bleaches the butter and renders it quite unfit for 
lonjumption. The aiitineuritic and antiscorbutic vitamlnes are not 
lestroyed by ultraviolet rays. J. C. D. 

Relationship of the Pancreatic Enzymes. Frederic 
Wenger and Mary Roll (/. Bid. Chem., 1919, 38, 487—500),— 
he normal pancreas as removed from the animal is of distinctly 
*cid reaction and possesses high diastatic, considerable lipolytic, and 
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some proteolybio activity. The first-named enzyme is pjj.. 
fully active W form, but increased lipolytic activity and n t 
lytic activity are obtained by the addition of bile and dn^ 
muooea respectively. By the addition of adequate amounts of tt”** 
two substances, it is possible to produce and maintain maam** 
activity of the three enzymes in the removed pancreas, J, q jj”® 

The Colours oi Colloids. VII. Blue Feathers. WildprIi 

Bamoboft {J. fhys. Vhem., 1919, 23, 365 — 414. Compare tki 
vol., i, 421). — The colours in feathers fall into three categories ? 
these, only black, brown, reddish-orange, and yellow are objMi 
chemical colours directly produced by pigment. A second type • 
structural, notably blue and violet, which are produced by Jnjp 
divided air bubbles in a specially constructed, transparent layer of 
thick-walled “box cells” lying below the epidermal cells, wliidi 
behave in a manner similar to the dust in the atmosphere, and tl( 
effect of which is intensified by a brownish-black pigment layt 
behind. Lastly, there are colours which depend entirely on tli 
position of the light and eye, which are produced by a transparent 
sheath which acts like a prism. The combination of the structural 
blue with a yellow pigment gives a structural green. By di. 
placing the air in the “box cells” with a medium of the same 
refractive index as the cell wall, such as Canada balsam or bemeue 
the structural blue colour disappears. 6, p, h, 


The Non-protein Nitrogenous Constituents oi Cow’s Milk. 
W. Denis and A. S. Minot {J. Biol. Chem., 1919, 38, 453—458), 
— Analyses of the total non-protein nitrogen, amino-nitrogen, urn, 
uric acid, creatine, and creatinine in cow’s nulk are given. Tli 
content of the first three is influenced by the character of the food, 
being increased in high protein feeding. High figures for these 
fractions are also found for colostrum. J. C. D. 


The Peroxydases in Milh. H. Violle (Compt. rend., 1919 , 
169, 248 — 250). — It is shown from an examination of tlie 
mammary glands of guinea-pigs that the peroxydase is contained iu 
the glandular cells, and in the case of a healthy mammal, therefore, 
not submitted to violent treatment, the fresh milk may cont^k 
little or no peroxydase. On the other hand, the milk coining from 
an animal having any affection of the mammary gland may be na 
in peroxydase. Similarly, milk which has been heated at 78 — SOj 
and in which, therefore, the peroxydase has been destroy^, 
have the latter restored by the addition of fresh organic tissues or 
liquids of animal or vegetable origin containing them. ® 
peroxydase test is not therefore trustworthy as a means o ^ 
tinguishing between fresh and heated milk. 


Mechanism of the Toxic Action of Urease. P- 

P. G^babd rend., 1919, 169, 86 - 90 . Compare 

rend. Soc. Bid., 1919, April).— The toxicity of soya flour 
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injected intravenously or subcutaneously is shown to be due to the 
action of the urease present in it. In the case of dogs receiving 
an intravenous injection, it was found that the carbamide present 
in the blood disappeared very rapidly, although in some cases it 
reappeared later. The ammoniacal nitrogen content of the blood 
and organs increased progressively. The phenomena of cerebral 
intoxication arc due to the localisation of ammonia in the brain 
this being produced by the action of the urease on the carbamide 
of the blood and tissues. -m p 


Chemistry of Vegetable Physiology and Agriculture. 


The Preparation of Silica JeUy for Use as a Bacterio- 
logical Medium. Albert T. Lego {Bicchem. J., 19l9, 13, 
107— 110).— The success of the method depends on the use of a 
rather thick collodion dialysing membrane of low jiermeability, a 
sufficiently long period being given for the sodium silicate and 
hydrochloric acid to react alter mixing, and the use of distilled 
water for dialysing. When the product is to be used for culture 
purposes, it is advisable that tubing and autoclaving should follow 
immediately after dialysing. J. C. D. 

The Vitamins Requirement of Yeast. A Simple Biological 
Test lor Vitamins. Kooee J. Wiliums {J. Bwl. Chm., 1919, 
38, 465 — 486). — Attempts to grow pure cultures of yeast in 
synthetic media from a single cell failed, a finding which recalled 
the experiments of Pasteur and of Wildiers ( “ La Cellule,” 1901). 
Further experimentation largely confirmed Wildiers’ results, and 
the possibility of the substance termed “ bios " by that author being 
identical with the water-soluble /f-vitamine presented itself. It 
was found that the substance which stimulates the growth of yeast 
occurs in many of the materials which are known to be sources of 
water-soluble B, and, moreover, the properties of the two sub- 
stances showed close resemblance. The former substance was not 
identified as any one of the amino-acids obtained from caseinogen. 
It is believed that there is justification for concluding that the two 
substances, Wildiers’ ’’bios” and the so-called water-soluble B, 
are identical. J. C. D. 

Preparation of Glycerol by Fermentation. W. CoNnsTBra 
and K. Ludecke (Ber., 1919, 52, [5], 1385 — 1391). — The experi- 
ments were undertaken with the object of providing the Central 
Powers with a means of obtaining glycerol after the importation 
ef fats had been prevented by the blockade. 

Glycerol is formed to the extent of about 3% in the ordinary 
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fermentation of sugar, and the yield is considerably increased wte 
fermentation is effected in the presence of slightly alkaline salt" 
which do not poison the yeast. In these circumstances, however' 
the solutions are very liable to infection, thereby decreasing th' 
yield of glycerol; in this connexion, sodium sulphite is very nsjfjj 
since, particularly at high concentrations, it has an antiseptic actioii 
and especially hinders the development of the lactic acid bacilli 
whilst also it gives’ the highest yields of glycerol. The latter vsn 
from 23'1% when the weight of sulphite used is 40% of that of tt 
sugar to 36-7% with twice the weight of the sugar; too large an 
addition of sodium sulphite causes fermentation to be too slow or 
damages the yeast. The process does not appear to depend on the 
particular variety of fermentable sugar (refined sugar, crude sugar 
or molasses can be used) or on the species of yeast. The latter' 
which does not increase to more than a slight extent during the 
sulphite fermentation, can be utilised for further experiments after 
subjection to a “ purification fermentation ” in slightly add solo- 
tion. The glycerol, after suitable purification, is adapted not onlj 
to nitration, but also to pharmaceutical purposes; occasionally it 
contains small amounts of trimethyleneglycol, probably due to 
secondary decomposition of glycerol by bacteria. 

The volatile products of the fermentation consist chiefly of ethyl 
alcohol and acetaldehyde. Increase in the quantity of sulphite 
diminishes the production of alcohol and carbon dioxide and 
increases that of glycerol and acetaldehyde. 

With regard to the mechanism of the reaction, two factors appeir 
to be involved, a general action of salts and a specific sulphite 
action. Increased production of glycerol occurs in the presence of 
considerable quantities, not only of slightly alkaline salts, but also 
of certain neutral or acid salts (calcium chloride, ammonium 
chloride, sodium chloride, sulphate or nitrate, ferrous sulphate, 
aluminium sulphate). The specific action of the sulphite is possibly 
connected with its relationship to aldehydes. H. W, 


The Vegetable Proteases. I. Introductory. Eb.'sest 

Aethcr PiSHER (Btocfiem. J., 1919, 13, 124 — 134). — The preseme 
of proteinoclastic and peptoclastic enzymes in a number of gieeu 
plants (cereals in the grass stage, leguminous plants, buckwhrat, 
and white mustard) has been esUblished. A deUiled exammatiou 
of beans, field peas, and buckwheat indicated that all parts ot tie 
plant are active in this respect at all stages of growth. H 
proteinoclastic and peptoclastic action of the leaves increases vr 
increasing maturity, and does not fall off after fte flowering s 
There is a distinct increase in the activity 
germination. The suggestion is advanced the pepteW 
fetiori of green fodder plante is sufficiently great to b of 
to the animal organism in the digestion of the . f’j p 
substances. 
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The Infra-red Spectri^ oI Iron. H. M. IU>,dall and E. F. 
Barkih (AHrophys. ^-, 1919, 49, 42-47).-Tli6 region investi- 
gated extended from 9000 to 30,000 A., and was found to contain 
some fifty measurable lines The expenmenUl arrangement was 
the same as that previously described (Randall, A 1910 ii 10141 
The slit of the collimator and the thermopile were at first’approxim^ 
ately 0-2 mm wide, and covered a region in the neighbourhood of 
Ip of about 6 A. and at 3/i of about 37 A, Later the entire 
spectrum was examined with a slit O o mm, wide and a very 
appreciable number of weaker lines were found and measured No 
systematic differences between the value.s of wavelengths measured 
with the silts of different width were noted. The material used in 
the major part of the work was ingot iron (99'8% Fe), the largest 
single impurity being copper, approximately 0-04%. Electro- 
lytic iron also was used. No lines due to impurities in either were 
observed. The iron was placed in a boring in the positive carbon 
(r9 cm.), the hole being as large as the carbon would permit The 
carbons showc-d several infra-red potassium lines and also two others 
the approximate values of which are 11,439 A. and 10,692 A, The 
origin of these lines is not known. The current used was in general 
greater than 60 amps. Tables of wave-lengths are gi?en in 
Angstrom umts, as measured in air according to the Rowland scale. 
The relative intensities of the lines were estimated from the galvano- 
meter deflexions. For the region between 0-8 p and 1 n the photo- 
graphic method IS more sensitive than the bolometric, but beyond 
1 p the latter becomes increasingly the more sensitive. 

Chemical Absthacts. 

The Infra-red Spectra of Cobalt, Nickel, Manganese, and 

E- !'■ {Astrophys. J., 

laia 54—60. Compare preceding abstract).— The experi- 
mental arrangement and methods were the same as those for the 
iron spectrum. With the exception of manganese, which volatilised 
readily and gave a comparatively steady are, the metals were very 
Bimilar to iron in their action in the arc. Nickel and cobalt pro- 
duced possibly an even more uncertain arc than iron, The strongest 
lines were given by manganese. The materials used were “pure” 
metols of commerce. No lines due to any of the impurities likely 
0 be loimd were actually observed. The currents used were 60—80 
amps. The spectrum of each metal was in general searched twice 
once with narrow slits and once with double width slits. A number 
6 lines in the tables are multiples of strong lines of short wave- 
1 however, that in each case it has been 

ished that the higher order line of short wave-length is super- 
posed by a line of long wave-length of the first order. 

!. Chemical Abstracts. 

j VOL. oxvi. ii. jg 
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The Applications oi Beer’s Law in Organic Chemistn 

E. J. E. HOffeh (Chem. Weekblad, 1919, 16, 720 — 734).-_a^j' 
cussion of Beer’s law of light absorption and its application to tie 
determination of various cases of isomerism and polyaerism in 
organic chemistry. Special reference is made to the colour theorr 
of Hantzsch. W, S. H " 

The X-Ray Spectra of the Elements. M. de Brogu, 
(Compt. rend., 1919, 169, 134 — 136). — The author has measured 
the frequency difference of the a- and 6-rays in the Xspectrum of 
rhodium, and from these values has calculated the fundamental 
frequency of interval of Sommerfeld (Ann. Physik, 1916). u, 
obtains the value 4v,j=0'369, which is in close agreement with 
Paschen’s figure (loc. dt.). 

He has measured the wave-lengths of the first two X-bands in 
the absorption spectrum of radium, the results being: band I 
A = 0'802 xl0-* cm.; band X=0’670xl0-* cm. The latter 
figure is a correction of one previously given (compare this vol. 
ii, 207). W. 6. ’ 

Relation between General X-Radiation and the Atomic 
Number of the Target. \V. Duane and T. Shimizu {Plysietl 
Rev., 1918, 11, 491 — 492).— The intensity of the general I-radia- 
tion is proportional to the atomic number, and not to the atomic 
weight of the radiator. The apparatus used was a rotating target 
on which were mounted quadrants of iron, cobalt, nickel, and 
copper. The current produced by ionisation in a chamber con- 
taining methyl iodide was : 

Ion-current (volts/sec.). 

Volts. Cu(29). Ni(28). Co (27). Fe (26). 

19,140 0-0124 0-0120 0 0114 0 0110 

32,400 0 1327 0-1295 0 1261 0-1210 


The numbers in parentheses are the respective atomic numhep. 
Cohalt occupies a position between iron and nickel, according to iti 
atomic number as determined by Moseley, but not according to its 
atomic weight, which is anomalous. Chemical Abstracts. 


The Structure of Radioactive Elements. Irgo W. D. 
Haokh (Physical Rev., 1919, 13, 165— 170).-Partial atomic 
structures of the elements in the periodic table between uraraua 
and lead, on the basis of the radioactive disintegration senes, are 
suggested. The emission of the o-particle causes the change o 
position of two electrons from the valency ring to an interior un- 
stable ring, and the emissions of the 6-particle the change o o 
electron in the opposite sense. This is referred to as a theory 
metastasic electrons, and it supports the view that t e sea 
integration is not in the outer or valency shell, ^ q 

inner shell, and is caused by the shifting of two electrons. 

“Old Age" of Chemical Elements. If®/; ®RiS" 
(Science, 1919, 49, 328— 329).— A discussion based on K 
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work on radioactive lead (A,, 1914, ii, 453; 1917, ii, 91). The 
author states that “all other elements should be subie4 to an 
increase in mass, and it could therefore be predicted that, for 
example, helium of the atmosphere and of minerals will have an 
‘atomic weight’ which is 0-0214 higher than the atomic weight 
of hehum from radioactive disintegration, that is, there should be 
an ‘old’ or ‘common’ helium with atomic weight of about 3 94 
and a ‘neo’ helium of atomic weight 3-92.’’ ’ 

Chemical Abstracts. 

Phenomena of Electrolytic Luminescence shown by 
certain Metallic Anodes. I. James Lavaox (Comp, rend., 
1919, 169, 180 — 182). — Certain metals capable of giving, with the 
electrolytic anion, insoluble, adherent salts, which are non-con- 
ductors, show luminous phenomena correlative with a state of 
intense anodic polarisation. Of the metals studied, iron, copper, 
cadmium, and lead do not show any luminous phenomena and 
show no tendency to anodic polarisation. On the other hand, 
aluminium, magnesium, zinc, and bismuth show both. The 
luminous phenomena may be of two types, namely, phosphorescence 
and sparking. The first three metals show both types, but bismuth 
only shows sparking. The phenomena of electrolytic phosphor- 
escence only appear in very short electric fields of high intensity, 
and are connected with high polarisation of the anode and the 
creation at its surface of an intense electric field. The phosphor- 
escence is not accompanied by noise or sparking, and only occasions 
a minute expenditure of current and a very feeble development of 
heat, On the other hand, the sparking appears to characterise an 
abnormal working of the apparatus. It occurs in two forms; 
(1) more or less numerous, small, brilliant sparks; (2) a rain of fire 
giving the anode the appearance of a star-spangled sky in a state 
of continuous transformation. The sparking is due to the 
momentary rupture of the isolating layer at points where, for a 
few moments, a current sufficiently intense to volatilise a liquid 
film passes, whence interruption, sparking, and crepitation. 

Of the four metals exhibiting these phenomena, aluminium is the 
best for their study. W. G. 

The Melting Points of Mixtures of Organic Compounds. 

Riciukd Meyek and Wilhelm Meter [Ber., 1919, 52, [,?], 
1249 1255). — The melting point of an organic compound is, in 
general, depressed by admixture with a second substance; the 
authors have previously shown that this is not the case with the 
tribromo-compounde of mesitylene and ^-cumene (this vol., i, 72), 
and now describe a series of similar observations with the following 
compounds: tetrabromo-o-xylene and tetrabromo-m-xylene; tetra- 
bromo-m-xylene and tetrabromo-»-xylene; tetrabromo-o-xylene and 
tetrabromo-p-xylene; tetrabromo-o-, -m,-, and -p-xylenes; dibromo- 
durene and dibromofsodurene ; thiophen picrate and thionaphthen 
picrate; thionaphthen picrate and naphthalene picrate; thiophen 

15* 
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picrate and naphthalene piciate; n- and jB-methylnaphthai 
picrates; ^-methylnaphthalene and naphthalene picrates- m 
chloro- and monobromo-hydroxyhydrindenes. The phenomena 
been more exhauatively investigated with the methylnaphthal ™ 
picrates and with naphthalene and p-methylnaphthalene picrab* 
The melting points of synthetic mixtures were determined * 
capillaries on the one hand and by determining the tempersto'” 
of solidification on the other, similar, but not identical, results bein* 
obtained by either method. In the case of naphthalene and 
^-methylnaphthalene picrates, a depression is not observed, but II 
melting point rises sharply when more than 33% of the former * 
present; with a- and P-methylnaphthalene picrates, a slislit 
depression occurs v'ntil him concentration of the former attain 
about 16%, after which the melting point rises. In both cases the 
authors consider that mixed crystals are formed. yy 

A Modification ot the Freezing-point Method for ths 
Determination of Molecnlar Weights. H, J. Pbins (Cka 
Weekblad, 1919, 16, 929 — 931). — The determination of the mole! 
oular weight of substances containing hydroxyl by means of tie 
depression of the freezing point in benzene solution is rendered 
difficult owing to the association of the solute. In such cases j 
number of freezing-point measurements are made, each after 
successive additions of about 2 c.o. of benzene from a burette. Tie 
degree of association decreases with increasing dilution, and the 
true molecular weight is easily obtained by graphical extrapolation. 

W. S, M. 


A New Form of Distilling Bulh. J. S, McHaeoue (J. hi 
Etig. Chem,, 1919, 11, 670 — 671). — A new form of distilling bulb 
can be made from sections of glass tubing of different diameter, A 
bulb ia blown on the end of the larger tube, and in the base of this 
a hole is blown to receive the top of the smaller tube, which ks 
been made in the form ot a T-tube with its arms open and deflected 
downwards. This is sealed into the tube, two small openings being 
left near the ends of the T-piece to allow condensed water to flow 
back into the interior of the distilling flask. The other end of the 
larger tube is bent twice at right angles, and is connected with the 
condenser. By the use of this bulb, soap bubbles are broken up, 
and the contents of the distilling flask cannot he rarried over 
mechanically. A further advantage is that the steam issuing from 
the two ends of the T-piece into the bulb keeps the ‘ 

uniform temperature and accelerates the distillation. C. A. M. 


The Density el the Saturated Vapour of Propyl Acetate 
and the Density of the Liquid which Emits this Vapour 
E. AbiAs (Campt. rend., 1919, 169, 216-219).-In the fcm* 
previously given for the molecnlar volumes of ^the saturated v P 
and the liquid which emits it (see this vol., ii, IW), t e ™ , 

the function a were not known. The author now deducefa 
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for calculating the values of o, and by means of it calculates the 
values of Vj and Vj for propyl acetate over a temperature range 
from 90 ® to 276 ‘ 2 °. The results are in close accord with those 
observed by Young. W. G. 

The Use of Turpentine Resin in Turpentine as a Foam 
Breaker. E. C. Kbudall {J, Biol. Chom., 1919 , 38 , 529 ). — A 
20 % solution of resin in turpentine is a most efficient foam breaker. 
The solution should be neutral to alizarin. J. C. D. 

EquiUhrium in the System NajSOj-CuSOj-HjSOj-HjO. 

H. W. Foote (J. Ind. Eng. Chem., 1919 , 11, 629— 631).— At a 
given temperature, univariant systems of three components have 
two solid phases in equilibrium with a solution of definite composi- 
tion and vapour pressure, whilst in the case of systems of four com- 
ponents there ace three solid phases at such points. To determine 
the univariant points in systems of three components, a series of 
cryatalUsations at the given temperatures was made. Whenonecom- 
pound was deposited near the point where another was formed an 
excess of the latter, or in some cases of both compounds, was added, 
and the solubility of the mixture determined . After the univariant 
points in a ternary mixture had been obtained, the corresponding 
points in a quaternary mixture were found by adding an excess of 
the third solid. In determining the changes which take place when 
sulphuric acid is added in increasing amounts, up to 60%, to the 
system Na3S04-CuS0,-H20, the solubilities of the univariant 
systems were determined, and the points graphically represented 
were connected with straight lines to show the composition of the 
corresponding bivariant systems. In the case of solutions contain- 
ing the four components, copper was estimated electrolytieally, 
sodium as sulphate after removal of the excess of sulphuric acid 
by ignition with ammonium carbonate, and free sulphuric acid by 
titration with sodium hydroxide solution. 

System NajSOj-HjSO^-H^^- — results obtained at 25 ° agreed 
substantially with those of D’Ans (A., 1906 , ii, 351 ), although no 
evidence of the formation of the hydrate, Na5H(S04)2,H20, which 
D’Ans found to be rarely formed, was obtained. At 12 °, the follow- 
ing compounds separated: Na9SO4,10HgO, Na2SO4,10H2O and 
Na3H(S04)2, Na3H(S04)j and NaHS04,H20, NaHS04,H30. At 
25 °, the solubility relationships are more simple, for at 12 ° the 
anhydrous salt is not stable under any conditions, and the deca- 
hydrate exists in equilibrium with the salt NasH(S04)2 at the uni- 
variant point (see also Pascal, A., 1917 , ii, 248 ). 

System CuS04-H.,S04-H20. — In this system no acid salt is 
formed, but the sulphuric acid dehydrates the pentahydrate, yield- 
ing successively the trihydrate, mouohydrate, and, finally, the 
anhydrous salt, in concentrated sulphuric acid. 

System Na2S04-CuS04-HoO.— A transition temperature was 
observed^ 16 ' 7 °, below which only a single salt crystallised. At 
12 ° thesis only a univariant system with two solid phases, 

15*— 2 
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NaoSO^lOHjO and CuSO^SH^O. At 25° there are two s„cli 
systenis, in one of whicli the solid phases consist of the double salt 
Na 2 S 0 i,CuS 04 , 2 H 20 and CuSOi.SHjO, whilst in the other the. 
consist of the double salt and Na 2 SO 4 , 10 H 2 O. 

System NajSOi-CuSO.-HjSO.-Hp.-At 12° the two salts m 
water crystallise separately, but when more than 7-4% of sulpln,ti|, 
acid is present, the double salt forms, and at this concentratioj 
the univariant system contains the three sohd phases of the two 
single salts and the double salt. In the presence of this proportion 
of sulphuric acid, the double salt is stable below ifa traasi. 
tion temperature. Equilibrium in the system. CuSO„5HjO- 
Na,S 04 , 10 H 20 -doubl 6 salt is reached very slowly at 12°, and ths 
two single salts can remain in contact with a solution containing 
more than 7 - 4 % of sulphuric acid for a considerable time without 
forming the double salt. The other systems soon attained 
equilibrium. At 12° the sohd phases were as follows: 
(11 Na,SO.,10H,O, Na 3 H(S 04 ) 2 , double salt with 16-50% sulphuric 
acid in solution. (2) Na 5 H(S 04 ) 2 , NaHS 04 ,H 20 , double salt with 
27-97% sulphuric acid. (3) NaHS 04 ,H 20 , double salt (bivariant) 
with 58-2% sulphuric acid, (i) 

salt with 50-54% sulphuric acid. (5) CuS 04 , 3 H 20 , CuSOj.HjO, 
double salt with 59-96% sulphuric acid. ^ (6) NajSO^.lOH.O, 
CuSO 5H,0 double salt with 7-40% sulphuno acid. The results 
obtain^ at ’l2° and 25° are plotted in diagrammatic form, and 
show the instability of the sodium hydrogen sulphates in presence 
of copper sulphate, which converts them into the double salt^^ 

Action ol Sulphuric Acid on certain Organic Compoimds 
of HomoloKOUS and Isomeric Series. Jaeosi.av lliLBicra 
aL a“o°^ Nbmec {J..pr. Vhem., 1919, [ii], 99, 93-105).- 
The authors have made experiments to ascertain the iniuence 
exerted bv the constitution of organic compounds on ths veloatj 
of their oxidation by sulphuric acid. In each case, 4 x lO’ gram- 
mols. of the compound were heated with 25 c.c. of the concentrated 
acid this giving a column of liquid 9-5 cm. in height, 
tem^ratiire was usually kept at 200° but " *5 

carbohydrates undergo more co 

sponding aldoses or alcohols , a,toms united to • 

atoms; increase in the gt 

carbon atom is accompanied by ; oonfiguraiu ha* 

dioxide formed. With isomeric sugars, steric oonng 
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influence on the combustion, and with di- and tri-saccharides, 
although these are not completely burnt, the amount of sulphur 
dioxide formed is equal to the sum of the amounts yielded by the 
constituent monosaccharides; the latter also do not undergo com- 
plete combustion. Mercuric sulphate not only acts as a positive 
catalyst, but increases the total quantity of sulphur dioxide; with 
O'OOOl gram-mol. of the salt, the increase amounts to 9% in the 
case of sucrose. 

Dicarboxylic acids of the type CO^H-pHJ.-COoH give with 
sulphuric acid at 200“ only small amounts of sulphur dioxide, this 
resulting from decomposition of the acids with formation of carbon 
dioxide and monoxide, followed by reaction of the latter with the 
sulphuric acid, C 0 -tH 2 S 0 , = C 0 , 2 -HS 0 j + H,0. 

The unsaturated acids are very easily attacked, scission occur- 
ring first at the double linking. Aliphatic acids, such as oleic and 
tumario acids, are oxidised far more rapidly than aromatic acids 
like cinnamic acid; aromatic hydroxy-acids (salicylic) are not 
oxidised by sulphuric acid at 200“. With the dicarboxylic acids 
of the aliphatic series, neither the velocity of combustion nor the 
amount of sulphur dioxide formed depends on the number of 
hydroxy-groups in the molecule, the reaction being determined in 
each case by the special chemical structure of the acid; here also 
mannitol acts as a true negative catalyst, whilst mercuric sulphate 
not only accelerates the oxidation, but carries it to a further 
extent. 

With the amino-acids, the quantity of sulphur dioxide 
formed and the velocity of the combustion increase with the 
molecular weight; mannitol, and also boric anhydride, act as 
negative catalysts, and mercuric sulphate exerts the action 
described above. In the case of the aromatic hydrocarbons, the 
combustion proceeds further as the number of carbon-containing 
groups attached to the benzene nucleus increases. 

Of the dihydroxybenzenes, the para-compound is oxidised the 
most rapidly and the meta-compouncl the most slowly, this behaviour 
being analogous to the reducing powers of these compounds when 
employed as photographic developers. None of the trihydroxy- 
henzenes is oxidised as rapidly as it would be if one of the three 
hydroxy-groups were removed, hut the rule holding with the 
dihydroxy-derivatives is obeyed; thus, pyiogallol represents a com- 
bination of two ortho-positions, hydroxyquinol one of an ortho- 
and a meta-position, and phloroglucinol one of two meta-positions. 
o-Naphthol is more rapidly oxidised than 13-naphthol. With the 
quinones, the combustion is tho more rapid the smaller the number 
of substituent groups in the OlCjHjiO nucleus. T. H. P. 

Derivation of the Law of Even Atomic Numbers. Ernst 
Mohr (7. pr. Chem., 1919, [ii], 99, 106— 108).— It in any molecule 
the numbers of uni-, hi-, . . . sexa-valent atoms are a, 6, ... / 
respective, the sum of all the valencies is given by SF-»+ 26 -t 
3c-tld-)-5e-)-6/. On the assumption that no valency in the mole- 
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cule remains unaaturated, the sum of all the linMnga in the mole, 
cule is represented thus: 'S,S-'SiV j2 = h + ‘id+Zf+(a+Zc + 5c)n 
Since both 25 and (b + 2d+if) are positive integers, the tm 
(a+3c + 5e)/2 must also be a positive integer. Further, as {ule) 
is a positive integer, the expression (a+3c+5<)/2-(c+2e), that is 
(a+c + e)/2, must also be a positive whole number, and {a+cit\ 
a positive, even integer; this is the law of even atomic numbers. A 
similar proof holds for the case when septa- and octa-valent atoms 
are present in the molecule. 

With substances like triphenylmethyl, C^H,,, in the molecule of 
which one valency is unsatisfied, the law holds only if one of the 
carbon atoms is regarded as tervalent. 

This law is often useful in indicating the possibility or otherwife 
of particular molecular formulae. T. H, P. 


Inorganic Chemistry. 


The Solubility of Iodine in Water-Alcohol Mixtures. N, 

ScHOOBL and A. Becenbogek (Pharm.. Wed-hlatl, 1919, 56, 
538—545).- -The results of solubility determinations of iodine in 
water-alcohol mixtures as given in the literature are generally 
much too high, on account of the fonnation of hydriodic acid dimig 
the prolonged contact of the iodine with the solvent. The authori 
eliminate this source of error by preparing a nearly saturated solu- 
tion of iodine in absolute alcohol. A weighed quantity of this is 
mixed with a weighed quantity of water, and. after shaking, a 
portion of the solution is drawn through a filter into a pipette and 
weighed. Potassium iodide solution is added and the lodme 
titrated with thiosulphate. ’ 


Effect of a FUm of OU on the Aeration of Water, 

TTekbebt F. Stebhenson 1919, 44 , 2881 ,-W atcr covered 

with a layer of petroleum oil O-fi cm. in depth absorbs oxygen 
from the atmosphere at the same rate as does water ^ 

oil. 

Fluorosulphonic Acid, n«orosulphonates 
Fluoride. Wilhblh Tracbe, J. Hoebenz, and r. 

(Brr., 1919, 52. [51, 1272-1 284). -It has '^^^YrtWil of 
tint ammonium fluorosulphoiiate ran be P':®P*Yqi/ jl 947); ike 
sulphur trioxide on amraoiiiuro fluoride t j in 

further investigation of this and similar substances is 
the present communication. _ nrepawJ kv 

Ammonium fluorosulphonate is mos “ to ^sulphuric acid 

the gradual addition of dry ammonium fluonde to f 
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conUining about 70% of sulphur trioxide, and treatment of the 
product with a small excess of ammonia dissolved in methyl alcohol. 
The salt has m. p. 245° and readily reacts with gaseous ammonia, 
particularly at low temperatures, with formation of liquid 
The alkali fluorosulphonates are prepared by the action of the 
requisite alkali hydroxide on the ammonium salt in aqueous solu- 
tion; the •potassium salt, short, stout prisms, m. p. 311°, the 
nhidium salt, m. p. 304°, the lithium salt, long, shining needles 
f4-3H20), m. p. 60 61° or m, p. about 360° (anhydrous), are 
described. All the fluorosulphonates are freely soluble in water, 
with the exception of the nitron salt. The barium salt was not 
obtained in the pure form. The fluorosulphonates are unexpectedly 
stable towards water, from which they can be crystallised if the 
operation is rapidly performed; in the presence of mineral acids, 
they are readily hydrolysed to hydrofluoric and sulphuric acids, but 
are much more stable in alkaline solution. With aqueous ammonia, 
they yield chiefly aminosulphonates (compare this vol., i, 434). 

The alkali fluorosulphonates are very stable towards heat; thus, 
when the potassium salt was heated for some time to bright red- 
ness, it only_ suffered slight decomposition, with the evolution of 
sulphur dioxide, sulphur trioxide, hvdrogen fluoride, and oxygen. 
Crude barium fluorosulphonate, on the other hand, is decomposed 
at a red heat into barium sulphate and sulphonyl fluoride, this 
being the most convenient method of preparing the latter. 

The formation of fluorosulphonates by heating mixtures of 
fluoride and pjroaulphates has been further investigated; the best 
yields are obtained from potassium pyrosulphate and an excess of 
ammonium fluoride; the yield is appreciahlv less when the latter 
is reolae^ by potassium fluoride, and still poorer when sodium 
fluoride is used. Fluorosulphonates are also obtained by heating 
mixtures of ammonium persulphate with fluoride, or by compress- 
ing fluoride and pyrosulphate, particularly in the presence of a 
little water. yj. 

Reaction of Thiosulphate with Iodine. I. M. Kolthoff 
{Pharm. W eehilad, 1919, 56, .572 — 585). — Tn neutral or weakly 
acid solution, the reaction between iodine and thiosulphate takes 
place according to the equation 2 Na„S 20 ,-;-I;=Na 2 S 405 + 2NaI, 
In weakly alkaline solutions, part of the thiosulphate is oxidised 
directly to sulphate without the intermediate formation of tetra- 
thionate. The side reaction may he represented in two stages; 
r. + OH'=HOI-pF. followed by 4HOI + S-P," -i- 60H' = 2SO/ + 
4I'+5HjO. In sufficiently strongly alkaline solution, all the thio- 
sulphate may in this way he oxidised to sulphate. In strongly acid 
so.ution. the reaction is as in neutral solution, the decomposition 
of the thiosulphate by the acid being alow in comparison with the 
formation of tetrathionate. W. S. M. 

Electrolytic Preparation of Colloidal Selenium. A. 

Gctbisb and G. L. Weisb (B«r., 1919, 62, [S],-1374— 1378),— 
When a dilute, aqueous solution of selenium dioxide is electrolysed 
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between platinum poles (preferably in the presence of a trace of 
alkali) with a tension of 220 volts, a moderate evolution of m, 
which does not contain hydrogen selenide is fimt observed ; as soon 
however, as the solution attains its boiling point, the formation oi 
colloidal selenium commences, and the solution becomes consecn. 
tively yellow, yellowish-red, red, bluish-red, and finally Hnj 
Selenium is not deposited in an irreversible form until the Utta 
stage is reached provided that the original solution is not too jcj. 
centratcd. The yellow systems become yellowish-red when cooled, 
and can be presen'ed, even if not dialysed ; they can readily 
purided by dialysis, are not decomposed by filtration through paper, 
and can be considerably concentrated by evaporation over a free 
flame. The yellowish-red solutions sometimes retain their colour 
and at other times become red when cooled; in the former case, 
they can be purified by dialysis, and then bebaye in the sami 
manner as tbe yellow solutions. The red solutions invariably show 
a tendency to become bliiisb-red when cooled— a sign of incipieit 
coavulatiou ; thev can onlv be obtained in a moderately stable con- 
dition if dialysed while still hot, and then immediately diluted mft 
pure water or with a solution of a protective colloid, such as 
arahic. The bluish-red and the blue solutions decompose generally 
when cooled, invariably during dialysis or when preserved at the 
ordinary temperature. All the dialysed solutions are very sensitive 
towards electrolvtes ; red precipitates are thus obtained which pas 
into the black or grev modification of selenium when heated vcifli 
the solution of the electrolyte. H. H’. 


Bibliography ol Helium Literature. E. R. Wbavse {I M . 
Ena Chem., 1919. H. 682— 688).— A bibliography of the litera- 
ture connected with helium is given, including everything of scim- 
tific interest up to January. 1919. It is classified under the follov- 
ing headings : Discoverv and Identification ; Occunence of Heliiini; 
Formation of Helium'; Separation and Purification; Properties; 
Liquefaction and Properties of Liquid Helium; Applicatio^ of 
Helium ; and Miscellaneous. “ 


The Stability of the Sulphones formed by the Iodides 
of Sodium, R^idium, and C»sium. R. u® 

F T^bourt {Compt. renJ., 1919, 169, 162--165),-The aate 
have measured the dissociation pressures “I 
bv sodium iodide, rubidium iodide, and cerium 
(Compare this voL, ii, 341) over » te-P^atoe jange from 

to 20-9°. The three curves .f sodium Mie 

higher temperatures spread out, the aulpho . yUe 

having the highest dissociation itcs At 760 

the next, that of ciesiain iodide being fte lo 

the dissociation temperatures ^ of formation slo.’ 

of the siilphone. Calculations of their heats ^ ^ 

that these vaiy in the inverse order. 
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Tie Double Ma^esium Potassium Chromate Hexa- 
hydrate. A. Ddffouk (Compt. rend., 1919, 169', 73— 76).— The 
hexahydrate of the doable magnesium potassium chromate, 
K,Mg(Cr 04 ) 2 , 6 Hj 0 , may be obtained if the two chromates are dis- 
solved separately in equimolecular proportions in two and a-half 
times their weight of warm water, and the solutions are mixed, 
filtered, and left to evaporate at a temperature not exceeding 15°. 
After several days, the bexahydrate separates in tabular crystals, 
which should be removed at once. The crystals may be dried and 
analysed, but after five or six hours they begin to change slowly 
into the dihydrate. This dehydration is far more rapid at 120°, 
hut always stops at the dihydrate. The hexahydrate is thus only 
metastahle at even 10°. The crystals are nionoclinic [a:i:c = 
0 ' 7531 :1 :0'498t ; 6=sl03°54']. This chromate shows a close 
analogy to the corresponding sulphate and selenate, and with its 
rubidium and cmaium analogues forms an eutropic triad. W. G. 

Colloidal Cuprous Oxide. Rvoss (ZciUch. anal. Chm., 1919, 
58, 193 — 194). — One c.c. of Fehling’s solution (copper sulphate 
3-5 grams, glycerol 15 c.c., and sodium hydro.xide 10 grams per 
100 C.O.), 0'5 c.e. of 1% dextrose solution, 1’5 c.c. of urine, and 
7 0 . 0 . of water are boiled together and then filtered. The filtrate 
contains hnght red, colloidal cuprous oxide. If T5 grams of 
potassium thiocyanate are added to the 100 c.c. of Fehling’s solu- 
tion, a reagent for the estimation of sugar in urine is obtained. 

■W. P. S. 

Adsorption by Colloidal Copper Sulphide. K. Sohebisoa 
{Pkarm. Weekblad, 1918, 55, 431-435).— A study of tbe 
simultaneous precipitation of line with the copper sulphide in the 
separation of copper and zinc. The. amount of zinc carried down 
decreases rapidly with increase in the concentration of acid present 
and also with rise in temperature for a given acid concentration. 
The author concludes that the zine is not adsorbed superficially by 
the copper sulphide gel, but that at the moment of precipitation 
a solid solution of zinc in copper sulphide is formed. W. S. M. 

The Chemistry of Burgundy Mixtures. Roeeet Ludwig 
Mond and Chrjstian Heberldin (T., 1919, 115, 908 — 922). 

Behaviour of Bfydrogen towards Iridium. A. Guibier, 
Berta Ottenstein, and G. L. Weise {Ber., 1919, 52, [B], 
1366 — 1368). — The experiments were performed in the same manner 
as with palladium (Guthier, Gehhardt, and Ottenstein, A., 1913, 
ii, 608). The occluded hydrogen is readily expelled by a slight 
rise in temperature, but removal of the last traces can only be 
effected by strong heating. The quantity of occluded gas is much 
smaller than with palladium. The absorption of hydrogen by 
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iridium with decreasing temperature is at a mininum at 
0 °, and with rising temperature is at a maximum at about + 20 ‘> 

E.W,' 


Behaviour oi Hydrogen towards Platinum, A. Gdtbur 

and 0. Maisoh (Ber., 1919, 52, [B], 1368—1374. Compare pre- 
ceding abstract).— The occlusion of hydrogen by platinum black 
and spongy platinum has been investigated. The former is pte- 
pared by adding a boiling solution of chloroplatinic acid neutralised 
with sodium carbonate to a boiling solution of sodium formate, and 
is purified by washing with hot water; after being dried in a 
vacuum over phosphoric oxide or concentrated sulphuric acid, it 
retains about 0'45% of water and 0-55% of oxygen. Plating 
black is converted by dilute hydrochloric acid, and trequeutfy ly 
prolonged boiling of suspensions of it m neutral liquids, into a 
vreyish-hlack modification, which is reconverted into the black 
variety by treatment with sodium formate in slightly alkaline solu- 
tion, or, preferably, with hydrarine hydrate solution. The greyish- 
black modification appears to represent an intermediate stage 
between platinum black and spongy platinum. 

The following are the chief results of the investigation. Platinum 
lilack is far more active towards hydrogen than is spongy platinum; 
with the latter, the absorption of more than one volume of hydrogen 
was not observed, whilst with the former as much as 160 volumes 
were absorbed. The behaviour of platinum black with respect to 
absorption of hydrogen with increasing temperature is the reverse 
of that of spongy platinum, with which the amount of gas absotbeii 
increases with rise of temperature, Below^ 0 ° ^ the absorptive 
canacitv of both modifications of platinum diminishes, Pletmm 
blLk absorbs the maximum quantity of hydrogen at 0°. H. ft. 


Mineralogical Chemistry. 


Ferriferous Sands in Italy. U. Cattaneo and L. Maddam 
(Ann. cUm. ap,Mcata, 1919, 11. “ 108 )- Results am gm d 

fontainin^ more than 5% of magnetite. 

Stalactitic Barytes from Madoc, aggregates ol 

(Amcr. Min., 1919, 79-80).-Curiou3 tuhute^ 

minute, white crystals of barytes occur in 



ICtNBRALOOIOAL OHEMISTEr. 


ii. 369 


calcite, D 4-29. Analysis shows an unusually large amount of 
strontium. The peculiar form of the mineral is possibly due to 
deposition on root fibres. 

BsO. SrO. CaO. MgO. AlA- rojO,. SO,. BJD. Total. 

43-78 13-96 0-98 1-01 1.92 0-48 36-94 0-26 99-32 

L. J. S. 

Canadian Minerals [Thaumasite, Saponite, etc.]. E. P. D. 

Guaham (Trans, floy. Soc. Canada., 1918, [iii], 12, IV, 191—201). 
— ^Thaumasite occurs as a soft, white coating on joint-planes 
at the contact of nepheline-syenite and crystalline limestone 
at Montreal. It forms finely fibrous or loose, mealy aggregates of 
minute needles. Analysis I agrees with the established formula 
3CaO,Si03,S03,C0.2,15H20 ; I) 1-878. Saponite also occurs at the 
same locality as a soft, plastic material with much the consistency 
and appearance of candle grease. On exposure to air, it becomes 
white and opaque, finally falling to powder, which is soapy to the 
touch and makes a paste with water. Anal. II, of air-dried 
material, shows less alumina than is usual in this mineral, and 
agrees with Clarke’s formula, H,(Mg 0 H) 2 Si 207 . At 40° there is 
a loss of 8'5%, and since two-thirds of the'water is given off below 
100°, the formula may he written as an orthodisilicate, 
H;Mg2Si.,0.,2H,0. 


SiO.. 

SO,. 

COj 


Fe,Osi. 

FoO. 

r. 9-38 

13-07 

G-71 






II. 46-45 

— 

— 

3-32 

0-42 

0-72 

CaO. 

MfiO. 

H..0 

<100* 


HjO 

;.ion°. 

Total. 

I. 27-32 

II. — 

25-91 

U-48 

43-69 

8-13 

100-17 

99-43 


Dtecriptions are also given of phenakite and of a pseudomorph 
of bismuthinite after molybdenite from pegmatite and quarts veins 
ill granite at Preissac township, northern Quebec, and of albite 
with new crystal-forms from Ascot mine, Sherbrooke Co., Quebec. 

L. J. S. 

Manganotantalite from Amelia, Virginia. 0. Ivan Lee 

and Edgar T. Wherry (Amer. Min., 1919, 4, 80— 83).— Crystals 
of "columbite” occurring in albite at this locality are reddish- 
brown to black in colour, but in thin splinters ruby-red to orange- 
brown, and the streak is reddish-brown. D 6-50. H 6 — 6J. Com- 
pared with other members of the columbite-tantalite group, it is 
seen that there is a slight decrease in the o-axis with increasing 
fantalum content: 


TftjO,. MnO. 

Per cent. Per cent. o : 5 : c. 


■Standish, Maine 

9 

4 

0-4023: 1 : 0-3680 

Haddajn, Conn 

30 

5 

0-4020: 1 : 0-3529 

Amelia, Va 

53 

8 

0-4017 ; 1 ; 0-3662 

Sanarka, Bussia . 

80 

14 

0-4014 : 1 ; 0-3505 


L. J. 8, 
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Analytical Chemistry. 


Device for Guarding against Over-titration, o. H.re, 

(ZeiUch. and. Chem., 1919, 58, 194-198).-A 25 c.c. 
having practically no stem below its cylindrical bulb and harii, 
a length of rubber tubing on its upper stem is placed in the 
tion to be titrated. The pipette is filled, the tubing closed with i 
pinchcock, and the titration proceeded with until the solution i, 
slightly over-titrated ; the contents of the pipette are then 
to flow back into the main portion of the solution, and the titration 
is continued cautiously until the end-point is reached. W. P, s 

The Estimation of Hydrogen Peroxide and the Conserva- 
tion of Hydrogen Peroxide Solutions. I. M. KoiiHopt 
(Pharm. We.ekbM, 1919, 56, 949— 959) .—Hydrogen peroxide solii- 
tions may be conveniently estimated iodometrically. The titration 
may be carried out directly after the addition of acid and potassium 
iodide if a few drops of J7-ammonium molybdate solution are addej 
as a catalyst. For the conservation of peroxide solutions, tie 
addition of 75—100 mg. of acetanilide, benzoic acid, or salicylie 
acid per litre is recommended. The solution should also react acid 
to dimethyl-yellow, and should be stored in brown glass bottles, 

W, S.M, 


The Titration of Iodides by means of Conductivity 
Measurements. I. M. KoLTHorr {Chem. Weekhlad, 1919, 16, 

926 929). Iodide is completely oxidised to iodine by means ol 

iodate in acid solution according to the equation 5I'-tIOj' + 6H - 
3H„0 + 3Io. If the iodide-iodate mixture is titrated with hydro- 
chloric acid and the conductivity measured after each addition of 
the acid, an approximately constant value is obtained until fie 
oxidation is complete, when a rapid increase in conductivity is 
observed. The end-point is sharply shown graphically by plottinj 
conductivity against volume of acid added. Iodide may be 
accurately titrated in this way even in presence of a large excess of 
bromide, as the an.alogoiTs oxidation of bromide reqiur^ a greater 
acid concentration and higher temperature. W. S. M. 


Precipitation and Filtration of Barium Sulphate to Wato 

Analysis. Victor Froboesb {Ghem. Zeit, 1919, 43, ). 

“ter is rendered slightly acid with hydrochloric acid 
treated with a very small excess of barium chlori e so _ 
cold, the liquid is poured through a filter, the precipita ^ ^ 
by decantation, and then collected on the filter, 

Picramic Acid as a Standard in Colorimetric 

of Nitrogen by Nessler’s Method. G. 

(.7. Lah. and Clin. Med., 1919, 4. 439-442; from ,V 
1919, 4, 167).— The colour of picramic acid solution i 
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permanrot, and .the solution serves as a trustworthy standard in 
the estimation of ammonia hy Nessler’s method. W. P. S. 

A Simpliflsd MEcro-Kjeldahl Method for Urine, Otto 
John and L. E. Wbight (J. Biol. Chtm., 1919, 3S, 461-464). 
—A method by which an estimation of nitrogen in urine may be 
carried through in twenty to twenty-five minutes. The urine 
(o c.c.) is boiled over a micro-burner with 5 c.c. of a mixture of 
sulphuric and phosphoric acids containing copper sulphate and 
3 C.C. of 10% ferric chloride solution. Oxidation should be com- 
plete in about eight minutes, whilst the distillation may be carried 
through in five. Urines containing much sugar require oxidation 
with fuming sulphuric acid. J. C. D. 

Estimation o£ ^monia in Blood. Seroids Mosgolis and 
H. M. Jahb (t/. Biol. Ohe'iti.f 1919, 38, 435 — 438). — The aeration 
method for determining ammonia in blood is open to many in- 
jceuracies. The authors propose to remove protein from the blood 
before carrying out the estimation. This they do by means of 
metaphosphorio acid. Ammonia in the protein-free filtrate is 
idsorbed by perrautite, from which it is again liberated by sodium 
lydroxide and determined colorimetrically by the Nessler process. 

J. C. D. 

Method £or the Estimation of Nitrates in Water by means 
of the Phenolsulphonic Acid Reaction. Robert C. Frederick 
{.inalpt, 1919, 44, 281 — 284). — The presence of large quantities 
of chlorides (up to 100 parts of chlorine per 100,000 parts of water) 
does not interfere with the estimation of nitrates by the phenol- 
sulphonic acid method if the water (25 c.c.) is evaporated with 
2 0.0. of reagent containing 4 grams of phenol and 400 c.c. of 
sulphuric acid per litre. The evaporation should be carried as 
far as possible on a water-bath, the residue then dissolved in water, 
again evaporated, dissolved in 95 c.c. of water, the solution treated 
with 3 c.c. of concentrated ammonia, diluted to 100 c.c., and the 
coloration obtained compared with that produced hy a known 
amount of nitrate under similar conditions. W. P. S. 

Carbon in Soils by the Wet Combustion 
Method. D. D. Way.vick (/. Ind. Eng. Ckem., 1919, 11, 
C34 637). — In estimating carbon in soils and the like by Ames 
Caither’s method of wet combustion (.7. Ind. Eng. Chtm., 
15, 7, 561), Gortner weighed the carbon dioxide after ahsorp- 
tion m potassium hydroxide, whilst Schollenherger (A., 1916, 
a, 39S) used barium hydroxide as an absorbent and titrated the 
excess of alkali with acid. The drawback to the first method is 
the time required for the abso^tion, and to the second the diffi- 
culty of preventing the barium hydroxide absorbing carbon 
loxide from the air. These drawbacks are obviated in a simple 
modification of the method, in which the carbon dioxide is absorbed 
m a soda-lime absorption bulb aud estimated gravimetrically. A 
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complete estimation may be made in twenty-five minutes, rsL, 
also 3. Soc. Chem. Ind., 1919, 591a.] C. A. M 

Estimation o£ Carbon Disulphide. A Critical Examina 
tioa of the various Methods usually EImployed, e 

Spielmann and F. Boiler Jones {J. Soc. Chem. Ind., 1919 3$ 
185— 187t).— Determination of the specific gravity of benzene 
before and after extraction of carbon ^sulphide with alcoholic 
potassium hydroxide solution gives a fairly accurate measure of 
the quantity of carbon disulphide present, the error being within 
0-03%. Oxidation of the above alkaline extract with bromine and 
estimation of the resulting sulphate are also trustworthy. Volu- 
metric or gravimetric estimation of the xanthate in the alkaline 
extract, by 'titration or precipitation with copper sulphate solution, 
was found to be untrustworthy, as was also a method depending on 
the precipitation of carbon disulphide with phenylhydrazine. Pre- 
cipitation of the xanthate with lead acetate did not yield good 
results. W. P. g, 


Electrol3rtic Separation of Lead from Chromium and 
Analysis of Chrome Yellow and Similar PigmenU. Jaroslav 
Milbauer and Ivan SEiLiK {J. pr. Chem., 1919, [ii], 99, 85-92), 
— According to 'Vortmann (A., 1907, ii, 302), the electrolytic 
separation of lead peroxide in presence of sulphuric, selenic, or 
chromic acid leads to high results, it being necessary to redissolve 
the peroxide and repeat the separation. Smith (" Electrochemical 
Analysis,” 3rd ed., 1907, 165), however, states that lead may be 
separated accurately as peroxide from the alkali and alkaline eartb 
elements, glucinum, magnesium, mercury, and aluminium, and 
that the presence of chromic acid is without influence on the 
quantitative separation. The authors find that Pb" may be easily 
separated electrolytically from Cr'" if 150 c.c. of the electrolytic 
solution contains 0-2 gram of lead, O'l gram of chromium, and 
20 c.c. of nitric acid (D 1’4), and that addition of 15 c.c. of pen 
chloric acid (D M2) does not invalidate the results. Tins 
method is applicable to the analysis of pigments with a basis ol 
lead chromate, the pigment being dissolved in nitric and pet- 
chloric acids and the diluted solution electrolysed; the chroimm 
is afterwards precipitated as hydroxide and weighed “ LqUj, 
[See also J. Soc. Chem. Ind., 1919, September.) T. H. F. 


Estimation of Minute Amounts of Lead in Urine, Fscffi, 
and Tissues. W. Denis and A. S. Minot (J. Biol. 

38 449— 452),— The evaporated urine (2000 c.c.) or the ne 
tissue or feces (500 grams) is oxidised with sodium ' 

silica vessel. After the oxidation, the vessel “u i,cttn is 
contents treated with 10% hydrochloric acid “^i the reart 
faintly acid. The mixture is heated to boiling filte 
and made faintly alkaline with ammonium j 

three drops of a 1% solution of copper sulphate are then 
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the coppet and any lead precipitated by the addition of hydrogen or 
jjimoinain sulphide, i'ne suspension of sulphides is separated, by 
jjjtrifugaliaation, and washed very carefully in order to remove, 
ujgnesium, phosphates, and chlorides. 

I’tie final residue of sulphides is transferred to a platinum 
triicible of 25 o.c. capacity by means of 3 c.c. of dilute nitric acid 
|20 parts of concentrated acid, D 1*42, and 80 parts of water), and 
Jhe centrifuge tube washed out with 3 c.c. of distilled water. The 
dlution is then electrolysed with a current of 3 to 3*5 amperes and 
i to 6 volts, the crucible serving as anode and a spiral of platinum 
jire as cathode. Within fifteen minutes; all the lead is deposited 
ju the crucible anode in the form of a brown film of lead peroxide, 
jldlst the copper and any traces of iron are deposited on the 
;athode. Care must be taken not to cut off the current while the 
ead peroxide is in contact with nitric acid, so that it is necessary 
[0 remove the acid by siphon while the electrolysis is proceeding, 
replacing it at the same time by distilled water. The emcihle is 
rashed, and 5 c.c. of a 5% solution of potassium iodide (free from 
.odate) and 1 c.c. of 25% acetic acid are added. The lead peroxide 
iecomposes, giving a yellow deposit of lead iodide on the crucible 
ind a solution of free iodine. After five minutes, the liquid is 
nansferred to a small beaker and titrated with O'OOSA-sodium 
tkiosulphate solution. J. C, D. 

Apparatus for Measuring the Volume of Gas Evolved 
luring a Chemical Reaction, P. Nicolakdot and M. H. Eobest 
Ghim, et Ind.^ 1919, 2 , 641 — 646). — A modification of an 
ipparatus described previously by one of the authors (A., 1912, 
i, 597), particularly designed for measuring the volume of hydrogen 
iterated when aluminium is dissolved in sodium hydroxide solu- 
ion. The reaction vessel consists of a tube which is connected 
»ith a reflux apparatus, and this in turn with the measuring 
Durette, The latter is filled with water and is surrounded by a 
rater-jacket. A diagram of the apparatus is given in the original 
ind the method of using it is explained in detail. W. P. S. 

Estimation of Iron in Iron Ores by means of Per- 

nanganate. L. Brandt {Chem. Zeit., 1919, 43 , 373— 374).— The 
use of colloidal silica as recommended by Schwarz and Rolfes (this 
<oi, ii, 170) to prevent the action of hydrochloric acid on per- 
'langanate in the titration of ferrous salts is untrustworthy. It 
s shown that the larger the quantity of silica added, the less per- 
manganate is required for the titration. This occurs in both 
lydrochloric and sulphuric acid solutions. W. P. S. 

Rapid Method for Estimating Nickel and Cohalt in Ores 
>nd Alloys. III. W. R, ScnoELLER and A. R. Powell {Analyst, 
‘319 44_ 275—280. Compare A., 1917, ii, 425) .—Further work 
t>n the method described previously showed that modification is 
oecessary when the material contains manganese or certain other 
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elements ; the addition of solid potassium iodide instead of satu 
sodium chloride solution to the aramoniacal tartrate solution ^ ™ 
motes complete precipitation of the cobalt as hexaminecobaU 
iodide in the case of ores containing little or no nickel. The foil'*'** 
ing is a summary of the procedure recommended for the anal'*'*' 
of ores. ^ 

(1) The ore is free from copper, manganese, calcium a H 
magnesium; presence of arsenic immaterial. The sample is di 
solved in nitric acid, the solution evaporated almost to dryness and 
tartaric acid (ten times the weight of tervalent metals present! 
dissolved in water is added. The mixture is then treated rtith 
50 c.c. of concentrated ammonia and 3 to 5 grama of potassium 
iodide, and, after fifteen minutes, the precipitate is collected 
washed with ammoniacal potassium iodide solution, and dissolved 
in dilute hydrochloric acid. The solution is filtered, the cobalt 
precipitated as phosphate, and the nickel titrated in the filtrate 
fi'om the latter precipitate. 

(2) The ore contains copper, otherwise the same as (1). 
method is the same as that above up to the point where the iodide 
precipitate is dissolved in hydrochloric acid. The solution is 
decolorised by the addition of sulphurous acid, boiled, cooled 
filtered to separate cuprous iodide, etc., and the cobalt then pie’ 
cipitated as phosphate. 

(3) General procedure for ores tree from manganese. The acid 
solution of the ore is treated with hydrogen sulphide, filtered, the 
filtrate treated with ammonium chloride and a slight excess of 
ammonia, and saturated with hydrogen sulphide. The precipitate 
obtained is dissolved in aqua regia, and the solution is evaporated 
almost to dryness, etc., as described under (1). 

(4) The ore contains manganese. If only small amounts of 
manganese are present, the ammonium cobalt phosphate precipitate 
may be titrated with fP/5-acid (not hydrochloric acid), or the, 
weighed cobalt pyrophosphate precipitate may be dissolved in 
sulphuric acid and the amount of manganese estimated by the 
persulphate-silver nitrate method. For large amounts of man- 
ganese, the mixed iodide precipitate is dissolved in dilute acid, and 
the nickel and cobalt precipitated as sulphides from an acetic acid 
solution, or the acid solution may be neutralised and the cobalt 
and nickel precipitated as xanthates. In the case of nickel ores 
free from cobalt, manganese does not interfere with the cyanide 
titration in the presence of citrate, 

Estimation of Urea. Philibkbt {J. , Pham. 

[viil, 19, 335—346. 386—397, 434-441).— A method which is 

more trustworthy than those described by Folin and by Fos»e ( 

1917. ii, 73), particularly in the case of urine 

consists in treating 10 c.c. of the urine with 2 i-'i- ® „ 

acetate solution, diluting the mixture to 5® 

c.c. of the filtrate are treated with 5 c.c. of 10% b 

solution in the ureometer, a definite volume of yp 
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jj i and the mixture shaken so as to mix it thoroughly with the 
’ contained in the apparatus. The gas evolved is measured 
usual conditions. A control experiment is made, using 
""tandard urea solution and the same quantities of reagents as in 
fi.* first experiment. Allowance is made for any ammonia present, 
thh being estimated separately. W. P. S. 

Ureometer with a Reaction Bulb of Variable Capacity. 

BoYEB (/. Pharm. Chim., 1919, [vii], 19, 346— 349).— The 
apparatus consists of a wide tube constricted at its lower end so 
as to form a graduated tube; the wide tube is divided into two 
parts, which are connected by a rubber tube which keeps the two 
ends a short distance apart. Hypobromite solution and water are 
introduced into the apparatus so as to fill the graduated portion, 
a glass ball is then placed in the apparatus, thus closing the top of 
the graduated tube, and the solution in which the urea is to be 
estimated is added. The two wide tubes are now pressed together, 
thus folding the rubber connexion in pleats, the whole apparatus 
is filled with water, closed with a rubber stopper, and inverted. 
The contents mix, the volume of the gas liberated being accommo- 
dated by the rubber connexion; the total volume of the gas is 
determined in the usual way. W. P. S. 

A Reaction for Lecithin, H. J. Hambcegee (inch. Nkrland, 
phpioL, 1919, 3, 361— 364).— This test will detect 0-01% of 
lecithin present in fluids containing proteins. The proteins are 
removed by adding three volumes of 96% alcohol and filtering or 
centrifugalising. On the addition of dilute sulphuric acid (1:5) 
to the clear filtrate, a cloudy precipitate of lecithin is formed, 
which dissolves en warming and reappears on cooling. J. C. D. 

Detection and Estimation of Cocaine, Heroine, and 
Veronal in Viscera. P. A. Ellis Richards {Analyst, 1919, 44, 
192 — 196). — A weighed portion of the viscera is acidified with 
acetic acid and extracted with warm alcohol; the alcoholic solu- 
tion is concentrated, filtered, clarified with lead acetate, and the 
excess of lead removed as sulphide, again concentrated, acidified 
with acetic acid, and extracted with ether. The ethereal extract 
is evaporated, the residue dried, weighed, and examined for 
veronal, trional, sulphonal, etc. The aqueous solution, after the 
extraction with ether, is rendered ammoniacal, extracted with 
chloroform, the chloroform solution shaken with dilute hydro- 
chloric acid, this acid extract again rendered ammoniacal, ex- 
tracted with chloroform, and the residue, if any, obtained after 
evaporating the chloroform, is extracted with benzene, in which 
cocaine is distinctly soluble. For the examination of the urine, 
the sample is acidified with acetic acid, boiled, clarified with lead 
acetate, and then treated as in the case of viscera. The final 
residues are then submitted to special tests for their identification. 
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Jfote^'are'liTen on testa for certain narcotics fSea f tu 

m PAem; 1919, .512 a.]' • '' ' p"’ /. 

The Metabolism of Bile Acids. I. a Ouant,* . 
Method lor Analysis o! Bile Acids in Dog 's Bile , i m 

FosteSi and C. \V. Hooper {J. Biol. Chem., 1919, 38 355 * 
—Dog’s bile contains taurocbolic and taurocholeic acid's, 
Ijydrolyais, yield cholic and choleic acids and taurine, Tauj'°° 
reacts quantitatively with nitrous acid under the conditd** 
employed in the Van Slyke apparatus, and this fact is made ft* 
basis for the analytical procedure. Five c.c. of bile cleared in ' 
centrifuge are prccipitaW with 40 c.c. of 96% alcohol, and heated 
to boiling point to ensure complete solution of the acids. Adf, 
cooling, the mixture is made up to 50 c.c. with 95% alcohol and 
passed through a dry filter. Two portions of 20 c.c. are evaporated 
to dryness. One is washed out with water and made up to 10 c c 
in a. volumetric flask. Samples of 2 c.c. of this are us^ to deter- 
mine the nitrogen present in amino-form before hydrolysis. The 
other sample is hydrolysed by being heated on the water-bath for 
five hours with 6 c.c- of 8 % sodium hydroxide. This sample is 
made up to 10 c.c. and the amino-nitrogen again determined in 
2 c.c. portions. The difference represents the nitrogen present in 
the amino-group of taurine. For conversion of the nitrogen figure 
into one representing taurocbolic acid, the factor 36’72 is used. 

J. C. D. i 

An Electrical Method of Determining the Lime Require 
ment of Soils. C. J. Ltsde {Trans. Boy. Soc. Canada, 191i..,t 
[iii], 12, III, 21 — 26). — ^Two lots of 10 grams each of soil af 
shaken respectively with 150 c.c. of distilled -water and 150 c. 
of a solution of calcium hydrogen carbonate for tllree hours, as - 
the Hutchinson and MacLennan method (compare A., 191f, 
ii, 784). The electrical resistance of the aqueous soil solution ai '* 
of the calcium hydrogen carbonate solution before and after sbahii g 
•with the soil is determined. If these are represented by q, q, and 
OR respectively, then the value of r, the calculated resistance c. 
the calcium hydrogen carbonate solution after being shaken with 
the soil and allowing for the resistance of the aqueous soil solu- 
tion, is given by r—r^ x ORjir^ — OR). Then the ratio r/r^ shoud 
give a measure of the alkalinity or acidity of the soil. Comparing 
these results with those obtained by the Hutchinson and 
MacLennan method (7oc. cit.), it is found that if the ratio is 
than O' 986, the soils are alkaline, whilst if the ratio is ^ ’ 
the soils are acid and require liming. ' ' 
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